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How to simplify 
control problems 


Keep systems flexible, carry small 


inventory, cut maintenance cost with 
the Bailey Building Block Method 


of instrumentation and control. 


What is the Bailey Building Block Method? It’s using stand- 
ardized Bailey measuring. transmitting. and controlling 
components and combining them into any system vou need. 
Components can be added as needed... removed and reused 
elsewhere . 2. recombined into another system when the 


need changes. [t's flexibility plus! 


It’s all based on the simple fact that a Bailey instrument or 
control component doesn't care if the measured variable is 
steam flow. tank tevel, or tower temperature, to pick just 
three examples. System components—transmitters, receivers, 
relays, selector stations, power units—are standardized for 


multi-purpose use. 


A spare component can be used in any one of many systems. 
Gone are delays waiting for shipments of special parts. Gone 
are large inventories of spares and parts. Simplified is the 


training of men for maintenance. 
RECEIVER 


There are many exclusive features and advantages of the in- 
dividual components used in the Bailey Building Block Meth- 
od, And there’s much more to the Building Block story itself. 
for further details. call our local distriet office or write us at 
Cleveland. Our engineers will be glad to prove how the Build- 
ing Block approach will save you money and simplify your 


instrument and control problems. 
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In Canada — Bailey Meter Company Limited, Montreal 
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This instrument has been used extensively by 
the leading motor-car manufacturers for road 
testing on the “Proving Grounds” — where 
performance counts. Housed in a rectangular 
bakelite case, this reliable, fully compensated 
pyrometer is furnished with 6 in. hand drawn 
scales for greater accuracy. The Model 58PY 
is available for use with all standard thermo- 
couple materials, in many ranges to suit the 
most exacting application. 


Manufactured with the same type of move- 
ment as our aircraft pyrometers, the Model 
23B pyrometer is well suited for use in mov- 
ing vehicles and has been successfully used 
in many marine diesel installations for meas- 
uring exhaust temperatures. It is housed in a 
4 in. round bakelite case that is flanged for 
panel mounting, and is available in several 
ranges for use with various thermocouple 
matericls. 


The Model 20B series of indicators are pat- 
terned after our standard aircraft instruments 
and ore supplied with 3” round steel cases 
suitable for panel installation. These com- 
pact, sturdy indicators have 2% in. scales, 
are fully cold-end compensated and are 
available in many ranges for use with vari- 
ous thermocouple materials. 


The Model 62RT4F resistance thermometer is 
a sturdy easy-to-read instrument with a 6 in. 
hand drawn scale. It is suitable for use in 
moving vehicles and is excellent for flight- 
test work. It is operated by an ordinary dry 
cell and is calibrated to standard “AN” bulb 
curves for various ranges in fahrenheit or 
centigrade. 
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THERMOCOUPLES for use with the above indicators 
are available in many styles for special applications. 
We have developed a complete line of aircraft, in- 
dustrial and automotive thermocouples and would be 
pleased to offer our recommendation for your ap- 
plication. 


THERMOCOUPLE LEAD WIRE for connecting 
thermocouples to the indicators is manufactured in 
iron-constantan, copper-constantan or chromel-alumel 
material with standard and special insulation. Use 
Lewis lead-wire with Lewis instruments and thermo- 
couples for best results. 


RESISTANCE BULBS for use as sensing elements for 
the 62RT4 thermometers are available in several types 
for various applications, for measuring free air or 
liquid temperatures. We invite inquiries on your ap- 
plication. 
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AUTOMATION: The use of devices—mechanical, pneumatic, hydraulic, electrical and electronic—for making automatic decisions and efforts.—MHA 
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Electronic Circuitry, 1668 
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Council Newsletter Section 













F. Ed Funke, Editor, Journal Southern : : 
California Meter Association Response Of Combination Valve Actuators, 1670 
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C. F. Goldcamp, Manager, Research and Phase Relations In Delay Lines, 1675 


Development ; ; 
LEWIS G. BURNELL—if the phase slope is constant, then the 
instantaneous delay also is constant 








David S. Aland, Production Manager 





Basic Types of Delay Lines, 1676 
DAVID L. ARENBERG—discusses distributed-constant, lumped- 
constant, ultrasonic, magnetostrictive, semiconductor, and 
tape-recorder types 







EXECUTIVE AND EDITORIAL OFFICES 







] Pittsburgh 12, Penna., 845 Ridge Ave., Applications of Delay Lines, 1679 
Fairfax 10161 or 19831 DAVID L. ARENBERG—a survey of basic applications in timing 






and control 











How To Buy A Delay Line, 1682 


SUBSCRIPTION 
ON RATES RODERICK YARD—factors a buyer should know 
For One, Two, and Three Yeare 
One Two Three 


Year Years Years 






United States, U.8. Pos- 
sessions and Canada $ 4.00 $ 7.00 $ 9.00 





Time Interval Measurement To 10~-° Second, 1684 






Latin America F600 $1090 Slap RODERICK A. BREW—technique for measuring up to 20-usec 
All other countries ||. 10.00 15.00 20.00 time intervals within 0.01 usec 














Fonte ma yap ue Ges. 

must n © form of an nter- . . . ‘ 

national Money Order or check on Recent Delay-Line Applications, 1686 

a U.S. Bank. . ‘s 
HARRY H. LOCKHART—quartz delay lines may become suitable 

storage device for computers with bit rates in 5-10 Mc range 
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TEMPERATURE CONTROL 


Dual Switch 
REMOTE BULB 
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The F43A and E27A are functionally similar units 
that are offered by UNITED ELECTRIC for appli- 
cations where it is desirable to control two separate 
circuits at different temperatures by means of a 
single temperature control. The major differences 
between the two units are that the F43A is an un- 
calibrated, wide range, skeleton unit while the E27A 
is calibrated, has a narrow range, and is enclosed. If 
desired, the E27A can be modified to have a wide 
range. 

Temperature Ranges... F43A — upto maximum limits ot 
—150° to +150°F., 70° to 370°F., 
or 100° to 650 F. 

E27A — 100° or 200°F spans be- 
tween —150° and +650'F. limits. 
On-Off Differential. ... © 9=Approximately 1.0°F. or 2.0°F. 
depending upon the model. 
Switch Ratings Up to 15 amps. at 115 or 230 volts 
A.C. 20 amps. A.C. or D.C, 
switches also available. 


Switch Types ....... N.O., N.C., or Double Throw — 
no neutral position. 


Adjustments..... F43A — slotted range adjustment 
screw on top, uncalibrated settings. 
227A — external knob and pointer, 
calibrated settings. 

In each unit, switch may be ad- 
justed individually to provide for 
approximately 15°F. max. span 
between switch settings. Span re- 
mains constant over entire range. 


Electrical Connections .. Via attached terminal blocks. 


Capillary Tube Length . . Other 


6-foot standard length. 
lengths available. 


F43A — via tapped holes in top 
plate. 


E27A — via mounting ears or 
tapped holes. 


Mounting 


UNITED ELECTRIC manufactures a complete line 
of temperature, pressure and vacuum controls, For 
special applications, standard units may be modified, 
or custom-built units may be provided. For addi- 
tional data on remote type temperature controls, 
including types F43A and E27A, request Section 200 
of our new catalog. 


United Electric Controls 
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The Journal of 
THE SOUTHERN CALIFORNIA METER ASSOCIATION 


Computer-Controlled Pilot Plant, 1688 


J. K. WALKER, C. K. HINES—this pilot plant can supply 
data for studying new design concepts and for get- 
ting commercial units into operation. 
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Cute Tricks In Simulation, 1691 
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SWARTWOUT 


SWARTWOUT AutroniC® INSTRUMENTATION 


---the process controller 
with CARD SENSE 


Here you see the entire inner-workings of the 
AutroniC Process Controller. They consist of 
just four printed circuit cards. 

These cards make good sense to the instru- 
ment and process engineer. They can be inter- 
changed in seconds to revise the control 
function; or they can be replaced to avoid 
“in-the-line” check-out of equipment. They 
simplify maintenance. No wire need ever be 
disconnected. Every functional section plugs 
in, pulls out... with positive, protective inter- 
locks which prevent inadvertent process upsets. 

Vhe AutroniC Controller is the only fully 
electronic, completely non-mechanical control 
unit available. Thus, it offers you the fullest 
utilization of advantages inherent to electronic 
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leader in 
electronic process 
instrumentation 


systems. Signal lag doesn’t exist. Sensitivity is 
limitless. And, control performance is corre- 
spondingly improved. 

Right now, major concerns in many indus- 
tries are putting their processes years ahead 
with AutroniC Instrumentation. 


Four new bulletins describe the Unitized AutroniC 
System. Request Bulletin Series A-801. 


18511 EUCLID AVENUE, 
CLEVELAND 12, OHIO 
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STROMBERG-CARLSON 


“BB Series 


For your automation 
... computing... control 
circuit applications... 
“Telephone Quality” 
at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
temperature and humidity. 
Prompt delivery is available on 
all orders. 


This catalogue will 
give you complete 
technical details and 
specifications. We will 
gladly send you a free 
copy on request. 
Please ask for Cata- 
logue T-5000R. 


- CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
OAD, ROCHESTER 3, N. Y. 
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Editor, 1&A: 


It has been interesting to read the 
fine comments from some of your 
many thousands of readers, congrat- 
ulating your thirty years of service. 

I am apparently a newcomer, hav- 
ing read your publications for only 
twenty years. Looking back to the 
time when your publication, /nstru- 
ments, was the only source of infor- 
mation an instrument man had to 
find out what was going on in the 
instrument world about him, it seems, 
progresswise, like 150 years ago—— 
but in reality it was only a few years. 

Your efforts and fine selection of 
articles have been a real contribution 
and education to many an instrument 
man, and an inspiration to the en- 
tire field as well. Your ability to 
stay ahead in an ever-changing in- 
dustry has been truly remarkable. 

The tremendous thirst for knowl- 
edge, the ever-advancing science, the 
new concepts of systems engineering 
and the rapidly growing data han- 
dling instruments challenge the im- 
agination of man. 

We look to the sky, with our 
thoughts on the future. and to /nstru- 
ments & Automation for a “look see” 
for the instruments of tomorrow as 
the curtain is being drawn on space 
and beyond. 

Congratulations on your past ac- 
complishments. Good luck to your 
tremendous future. 


Wm. H. Haney, Systems Eng’ r. 
Chance Vought Aircraft 
Vorthern Calif. I. S. A. 


Russian Report 
kditor, I&A: 


Your readers might be interested 
in learning about my _ experience 
gained as a member of the American 
Automatic Control Council delega- 
tion. I must preface these notes with 
a statement that the following are 
personal opinions based only on a 
limited knowledge available to me 
as a visitor during 14 days of visiting 
Russian plants. However, and this is 
the point which I should like to 
stress, the 14 days were filled with 
many visits to individual factories 
with 3.000 and more employees rang- 
ing from watch manufacturing to 
scientific laboratories, industrial in- 
struments companies, motion picture 
studio equipment manufacturers, ball- 
bearing and automobile plants, power 
stations, and steel mills. Thus, they 


represent a rather broad section of 
the industrial spectrum. 

The delegation was a guest of the 
Russian Government's Scientific Tech- 
nical Committee and, therefore, many 
doors were opened to it which other- 
wise would have been closed to the 
individual visitor. 

Ever since Russian industry rebuilt 
itself through improvisation out of 
the rubble of cities destroyed in the 
war, its managers have operated in 
an atmosphere of planned production 
with little regard for potential con- 
sumer demand. They are not con- 
cerned with competition; their sched- 
ules are laid out for several years, 
and they don’t worry about sales. 

This situation offers a great op- 
portunity for any engineer, or man- 
ager, to show what he can do. The 
success of these people expressed in 
rate of increase of production and 
quality produces a mental climate of 
pride, relaxed goodwill and con- 
fidence in the future. 

The Russian plant manager seems 
to enjoy a great amount of freedom, 
with corresponding responsibility, in 
running his plant, and appears to be 
exposed, since Stalin’s death at least, 
to a minimum of political interfer- 
ence. We were told by several man- 
agers that they sit down with their 
company union and the Government 
Planners to arrive at reasonable 
schedules for each 5-year plan. 

These plans cover facilities ex- 
pansion and employment planning, 
and seem to be tailored realistically 
enough so that only in a few ex- 
ceptional cases have the assigned 
goals not been reached. Fulfillment of 
the plan is made more desirable by 
wide and generous use of a rather 
capitalistic bonus system consisting 
roughly of about 20% additional pay 
for fulfilling the plan and “n” times 
the “ of exceeding the plan—with n 
varying from 14 to 4 depending on 
industry, city, and the position of the 
employee. 

There are many other fringe bene- 
fits and cash bonuses for saving pro- 
duction cost, improving products and 
increasing plant capacity, in addi- 
tion to honorable display of the em- 
ployee’s photo at an honor billboard 
under red flags and a picture, or bust. 
of Lenin. 

One of these benefits are cash 
bonuses to be applied to the building 
of new apartments, which are scarce. 

In their endeavor, management ap- 
pears to be singularly supported by 
the dedication and effort of the work- 
ers who (even if they have no other 
choice) seem to work at a rate which 
is unusually high. This effort—in 
which women share without the least 
discrimination but also without any 





privileges, as one finds them even on 
the toughest foundry jobs—is so 
much more remarkable because the 
working conditions, illumination, 
safety space and tools leave much 
to be desired when compared with 
US standards. 

Instruments are available for 
any measuring and control ap- 
plication. These are basic com- 
ponents and assemblies without 
the packaging frills essential in a 
competitive system and without 
the latest gadget features. As 
their production is based on sev- 
eral years’ schedules, they are by 
necessity somewhat behind those 
of our latest. 

Centralized research and develop- 
ment as practiced in the USSR has 
advantages in avoiding duplication, 
and in profiting by picking the fruits 
of Western technology. At this stage 
of the game. Russia’s engineers are 
lagging slightly behind Western de- 
signs. The similarity of Russian and 
U. S. designs which we noted in the 
plants visited suggested the sterility 
which is inherent in this system. 

This does not mean that in areas 
where they decided to go ahead (as 
in Sputnik), they cannot successfully 
do so, but with such tremendous basic 
needs of their own and other com- 
munist satellites, plus China, there is 
no particular rush to produce pioneer 
lines, 

In spite of all statements to the 
contrary, consumer goods are scarce 
to a degree unthinkable for West- 
erners. There are very few items at 
GUM, the big department store, one 
can buy. Either the price expressed 
in salary hours is too high (the 
throttle used by the Government to 
prevent buying) or the quality is too 
low to make the products desirable. 
A photo-electric exposure meter sells 
for 190 Rubles (nearly one-fourth the 
basic monthly income of a laborer) 
and a wrist watch sells for 450 
Rubles. 

This produces—with the accumula- 
tion of unspent bonuses—a new mid- 
dle class which sooner or later will 
insist on having its needs taken care 
of. 

It also produces a black market (as 
it did under similar conditions in 
other countries) which could become 
a danger to the economy, particularly 
when Russian women will wake up 
to demand their share of the luxuries 
of life. 

Of interest to instrument people 
may be the wide use of conveyor as- 
sembly lines in instruments and pre- 
cision component plants. There the 
answer to the visitor's “why?” ap- 
pears to be a scarcity of skilled labor 
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Improve Your 


with a standard multiple 
purpose off-the-shelf drum 


The 512-A Bryant general purpose magnetic storage drum meets 
the exacting requirements of a production component, yet has the 
versatility necessary for laboratory work. This standard 5” dia. x 12” 
long drum is stocked for immediate shipment, complete with stand- 
ard components such as general storage brackets, recirculating 
register brackets and magnetic read/record heads. Its low price 
reflects the benefits of Bryant's 25 years’ experience in the efficient 
design and production of high speed precision spindles. 


Features: 


e Guaranteed accuracy of drum run-out, .00010” T.1.R. or less 

e Integral drive—Bryant precision motor (1200 to 12,000 R. P.M.) 
e Capacities to 625,000 bits 

e Accommodates up to 240 magnetic read ‘record heads 

e High density ground magnetic oxide coating 

e Super-precision ball bearing suspension 

e Vertical mounting for trouble free operation 


Special Models: If your storage requirements cannot be 
handled by standard units, Bryant will assist you in the 
design and manufacture of custom-made drums. Speeds 
from 60 to 120,000 R. P. M. can be attained, with frequencies 
from 20 C.P.S. to 5 M.C. Sizes can range from 2" to 20” 
diameter, with storage up to 6,000,000 bits. Units include 
Bryant- built integral motors with ball or air bearings. 
Write for Model 512-A booklet, or for special information. 


Remember .. . you can't beat a Bryant drum! 
BRYANT COMPUTER PRODUCTS DIVISION 
BRYANT CHUCKING GRINDER CO. 


P. O. Box 620-1, Springfield, Vermont, U.S.A. 
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... for 
automatic 
process 
quality 


control 


I reer i ihe 
Brookfield VISCOMETRAN 


materials from emulsions, suspensions, 


Easily installed under any conditions 
in tanks, -vats, or production systems, the 
new Viscometran continuously measures 
vital viscosity. Combined with any stand- 
ard recorder, the unit can either auto- 
matically signal the danger or activate 
controlling devices to prevent variations. 

An unusually flexible sanitary instru- 
ment, the Viscometran will measure 
either Newtonian or non-Newtonian type 


ENGINEERING 


and slurries to fiber bearing products. 

Now viscosity control can mean quality 
control! It will pay you to find out more 
about the economical, easily maintained 
Brookfield Viscometran. Complete infor- 
mation is yours without obligation by 
return mail. Write, wire, or phone — or 
tear out and mail this whole ad, using 
the coupon below. 


LABORATORIES, INC. 


STOUGHTON 316, MASSACHUSETTS 


Send more information to..... 


For more information cir 
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LETTERS —conrtinuep 


and the conviction that the produc- 
tion engineering invested in conveyor 
methods pays for itself in more uni- 
form quality and in better designs. 

We saw potentiometer record- 
ers leaving the conveyor at a 
rate of one every 4 minutes, with 
about 200 assembler girls, and 
were told that even 2-day runs 
were found to justify conveyor 
assembly lots. 

The contrast of the Russian atmos- 
phere to that of the well-stocked Hel- 
sinki department store, and to that 
of the ISA show with its variety of 
equipments from various companies. 
impresses one more than ever with 
the advantages of a competitive so- 
ciety. and with the problems the 
USSR will have to face in bridging 
the present gap between production 
and potential demand. 

H. Ziebolz 

General Precision Equipment Corp. 


New York. N.Y. 





Editor, 1&A: 

Our Company has been retained 
by the ICA to design, supervise. and 
furnish the necessary technical as- 
sistance for a water system project 
which includes treating, storage and 
distribution facilities, and waste wa- 
ter collection, treatment and disposal 
for the cities of Dacca and Chitta- 
gong. East Pakistan. 

Plans include the immediate estab- 
lishment of an office in Dacca which 
will be staffed by a big team of 
American and Pakistani engineers. 

There will be a technical library, 
and water-chemical and bacteriolog- 
ical laboratories which are expected 
to be operated permanently by the 
Government of Pakistan. 

We will appreciate it if you will 
notify your advertisers that catalogs 
and literature will be welcome at the 
library. Material should be posted, 
via surface mail. to The Ralph M. 
Parsons Co., Dacca, East Pakistan. 

A. W. Moore 
Ralph M. Parsons Co. 
Los Angeles, Calif. 


Editor, I&A: 

Please accept profound condolences 
of our governing and editorial boards 
on occasion of sudden departure of 
your esteemed Major Behar in whom 
we shall always honour a founding 
pioneer of our common. scientific 
endeavour: instrumentation. 

Hungarian Scientific Society For 
Measurement and Automation 
Meres Es Automatica 

Budapest, Hungary 


















At the Brussels Fair IBM’s Ramac 
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presents World History in 10 languages 
with the help of Skinner Solenoid Valves 


Visitors to the World’s Fair at Brussels are 
given the opportunity to submit history 
questions to IBM’s Ramac and get their 
answers in any one of ten languages. Mil- 
lions have been fascinated by this amazing 
electronic data processing machine. 

Ramac is a vast library of facts. By means 
of 50 rotating metal disks 5,000,000 alpha- 
merical characters can be stored and se- 
lected at the touch of a button. The Ramac 
can punch 100 cards a minute, transfer data 
from punch cards to disks at a rate of 125 
cards per minute, and print reports at speeds 
up to 80 lines per minute. 

Three Skinner V5 three-way valves are 
used in the access control mechanism. One 
valve engages the access arm at the exact 





location of the disk, while the second valve 
disengages the arm after the read-write se- 
quence has been completed. The third valve 
positions the read-write head at the precise 
location on the proper disk tract. 

Skinner has a wide 
selection of solenoid 
valves for all types of 
applications. If you have 
a control problem, why 
not take it to a Skinner 
engineer or represent- 
ative. You will find 
Skinner representatives 
listed in the Yellow Pages 
or write direct to De- 
partment 410. 
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For more information circle 9 on inquiry card. 
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Long T 


overhang trailer 


( 
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Multi- Thermocouple 
Shipped to 
South Africa 


Three Long Multi-Thermocouples, 
Totaling 194 Feet 
Sent Across Ocean By Thermo Electric 


Assemblies 


Phermo Electric makes thermocouples for just about 
every possible application—including some pretty un- 
usual ones. The multi-thermocouple assembly diagram- 
med here is a good example. It’s 66 feet long. 


The longest of three, this assembly has a total im- 
mersion length of 63/7". The entire unit actually con- 
tains 12 different) thermocouples—in progressively 
longer lengths from 9’1” to 63'7'". These are enclosed 
ina 1l!2” L.P.S.. Schedule 80 protection tube of type 
30-4 Stainless Steel. Individual thermocouple construe- 
tion is of T-E’s “Ceramo”’— ceramic insulated con- 
ductors encased in overall metal sheathing. O.D.’s are 
De Hot 


Zz conductors. 
junctions are welded closed and, for fast response, are 


s” with Iron-Constantan 


gage 


spring-loaded against the inner wall of the protection tube. 


T-E to Durban, 
South Africa for installation in a catalyst reactor. They 


The three assemblies were sent. by 


are typical of what Thermo Electric is currently doing 
in the field of temperature measurement. T-E equip- 
ment is being used all over the world for important 
temperature measuring jobs. Assemblies like this, used 
in deep vessels, will measure temperatures at any de- 
Electric 
I 


sired level. Thermo also makes miniature 


thermocouples as small as '2"’ immersion length. What- 
ever your needs, for large or small thermocouples, for 
low or extremely high temperatures, for any type of 
application, contact Thermo Electric. Our extensive 
research, engineering and manufacturing facilities are 
at your disposal. 


Thermo 
Elect rte oon 


SADDLE BROOK, NEW JERSEY 


Write For 
Detailed 
Information 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
rcle 10 on inqui 








Reader Inquiries 





Use of Magnetic Tape 
and Wire as Trigger 


Engineer desires information § on 
the use of magnetic tape and wire to 
trigger relays, etc. A-339 


Address Sought 


Reader wishes to locate Optronics 
whose last address was P, O. Box 
3152, Inglewood, Calif. A-340 


Mercury 


Reader requests information on (1) 
how many pounds there are in a 
standard flask of Hg, (2) which com- 
panies make flasks, (3) names of 
large companies using Hg, and (4) 
trade books on Hg. A-341 


Gear Pullers 


Engineer in mechanical-components 
manufacturing company would like 
to find sources for the supply of in- 
strument gear pullers. A-342 


Running Torque Meter 


President of company manufactur- 
ing telephone equipment would like 
to purchase meter for small motors 
having approximately 2 oz in torque. 

A-343 


Timing Belt and 
Helical Gears 


Purchasing agent of compressor 
manufacturer wishes to contact 
makers of timing belts and/or hel- 
ical gears for use in a speed-increas- 
ing unit. A-344 


Vacuum Pump 


University professor of chemistry 
would like to purchase completely 
leakproof circulating pump for pure 
heavy nitrogen isotope gas without 
packing glands. Must pump minimum 
of 0.25 liters/sec at 10mm Hg. Mag- 
netic drive or the like is desirable. 

A-345 


Miniature Hydraulic 
Tube Fittings 


Manager of instrument lab requests 
information on suppliers of miniature 
hydraulic tube fittings from %” OD 
tubing down to capillary sizes, not 
regular IPS fittings. A-346 


Pipe-Fitting Lock Nut 


President of instrument manufac- 
turing company wishes to find manu- 
facturers of pipe-fitting lock nut 
(not tube fitting) carrying “O” ring 
for seal. A-347 


Technical Writer 
Advertising agency requests con- 
tact with technical writer in the mid- 
west who could write for one of its 
clients. A-348 


















Cut installation time 36 to 777, 


Rear view of a graphic panel used to 
control a Platform® Unit, built by Panel- 
lit Inc., Skokie, Il. 
















Millions of Hi-Duty fittings in use on 
O.E.M., instrumentation and replacement 
jobs. Hi-Duty fittings can be discon- 
nected and reconnected repeatedly with- 
out danger of leakage. Extra-strong 
forged bodies on elbows and tees, long 
Dryseal pipe threads and generous 
hexes. Available in brass and alumi- 


num. For use with copper, brass, alumi- 
num, Bundyweld, GM, block tin, Monel 
and other metal tubing — 's to 1’ O.D. 
For complete data, 
ask for Bulletin No. 3002. 













with IMPERIAL 42-7777 tube fittings 


Just push tube into fitting, 
That’s all! 


lighten nut. 


Whether you use 10 Hi-Duty fittings 
or 500 per installation, seconds saved 
per fitting will quickly add up to 
man-hour profits! 

Four-to-one edge over flared fittings — 
A man can easily assemble up to four 
Hi-Duty fittings in the time it takes 
to assemble one flare fitting. Spot 
tests show only 11.7 seconds on the 
average are required to install Hi- 
Duty as compared with 48.2 seconds 
for an ordinary flare fitting. A mini- 
mum 77% boost in efficiency for you. 





SLEEVE SHEARS OFF 








pig tase 


ist 


Furnished in Brass and Aluminum 





Bi-parg® SHUT-OFF VALVES — First choice for perfect fluid control! Positive shut- 
off. Solid bottom — no chance for leakage: Spring-loaded stem with “O” ring seal main- 
tains proper tension on nickel-silver plug at all times. 
and medium pressures. 


Dept. IA 108 





THE IMPERIAL BRASS MFG. CO. 
6300 W. Howard Street, Chicago 48, Illinois 


In Canada: 18 Hook Avenue, Toronto, Ontario 





One-third faster than compression fittings 
— Same tests showed Hi-Duty in- 
stallation required only 11.7 seconds 
compared with an average of 18.5 for 
compression fittings. A boost of 36% 
in efficiency! 

Hi-Duty joints absorb 5 times as much 
vibration as compression or flare fittings 
— Sleeve on Hi-Duty fittings shears 
off during assembly and becomes 
permanently attached to _ tube. 
Always remains in perfect alignment. 
Joints stay liquid-and-gas tight. 


AT GROOVE 





ROR ARE ABBE REALE AE OR Hl 8 


2, 3 and 4-way types for low 


Emblem a4) 


SEE YOUR IMPERIAL DISTRIBUTOR — he carries the industry’s most complete line of tube fittings and tubing tools. 





For more information circle 11 on inquiry card. 
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This “Movement” 


is Centered \ 


The rotary movement in Ashcroft Duragauges has a geared center shaft on which 
the pointer is mounted. When pressure flexes the Bourdon tube, the pointer is 
always positively positioned. You can rely on the Duragauge for precise accuracy 
in measuring pressure no matter how severe the conditions of service. 

Correct calibration is guaranteed: the one-piece link between movement and 
Bourdon tube prevents slippage or parting under tension. Recalibration is easy 
from front or rear. Universal adjustability permits uni- 
formly graduated dials. 

You can order Ashcroft Duragauges with all-stainless- 
steel movement or stainless steel with nylon bearings and 
pinion gear. A complete choice of Bourdon tube materials, 
pressure ranges, dial sizes and case designs and materials 
is available. Your industrial supply distributor will-gladly 
help you select the best combination for your requirements. — Ashcroft Duragauge in 
So, be certain of highest sustained accuracy, durability and Alumalife® case—a life- 


, time case made of spe- 
economy — specify Ashcroft Duragauges. cial aluminum alloy. 


MAXWELL ASHCROFT PRESSURE GAUGES 
M A product of 


MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division « Stratford, Connecticut 
Gi-58 In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


For more information circle 12 on inquiry card 


MANNING 
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Domestic mercury consumption in USA in 1957 was 52,889 flasks (76-pounds 
each); compared to 54,143 in 1956. Most mercury is imported from Spain 
and Italy (25,994 flasks from Spain in 1957; 9,208 from Italy; 5,990 
from Mexico). Domestic production in 1957 was 33,380 mine flasks; 5,800 
secondary flasks; imports were 45,449 flasks; exports were 1,919 flasks. 
Average N. Y. price per flask in 1957 was $246.98; average in first 
quarter of 1958 was $224.75. Data are from Mercury Report 126, Bureau of 
Mines, Mineral Industry Surveys. 

















Tantalum capacitor sales are estimated to have doubled from 1956 
total of $10 million to 1957 total of $20 million, owing to in- 
creasing use in military equipmment. 













Analysis of six state governments (Calif., Conn., N. M., N. Y., 
N. Car., and Wisc.) by the National Science Foundation reveals that 
these six spent $69 million for scientific activities, of which $57 mil- 
lion was for R&D, divided as follows: agriculture--$20.5 million; 

state universities--$16.8 million; health and welfare--$8.4 million; re- 
source development and public works--$7.7 million; legislative and judi- 
cial—$1.3 million; business, labor and vocational licensing--$1.3 mil- 
lion; education--$0.5 million; fiscal control--$0.4 million; public 
safety--$0.08 million.The $69 million total was 2% of total expenditures 
of the states for all purposes; $15 million of total was contributed by 


Federal government. 


There are currently about 150 manufacturers listed as producers of 
printed circuits, reports Institute of Printed Circuitry; 25 to 30 
experienced and qualified manufacturers are producing 90% of the 

total non-captive volume of business. 

































There are commercially available about 20,000 physical laboratory items 
(instruments and apparatus), plus about 20,000 chemical reagents, 
reports SAMA. 

There are more than 565 independent scientific laboratories in the 
United States performing industrial R&D, reports SAMA. 





















Annual cost of operating a research reactor (including salaries of 
staff, utilities, health physics, maintenance, insurance, fuel and 
amortization) may range from as low as $15,000 per year for a fraction- 
al-watt laboratory reactor to more than $200,000 for a 1000-kw pool re- 
actor, reports AEC. Special facilities may cost as much as the reactor, 
and have comparable operating expenses. 

















There are more than 1500 different scientific and technical profes- 
: sional groups and societies in the USA and Canada. 















Market for high-vacuum equipment exceeds $20 million annually, reports 
A. D. Little, Ine. 


In 1910, ratio of production workers in production to those in 
service trades (professions, maintenance, cleaning, etc.) was 3:1. 























Today it is l3l. 
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THE NEW ADVANCED DESIGN 


606 % 


OSCILLOGRAPH 


a ee Oe Oe On Oo 0 i oe 


FLASH TIMING up to 1,000 CPS 


ALL PURPOSE VERSATILITY with 5 Magazine Types 


RECORDING SPEEDS .071 to 173 IPS ( 3itun"s< minute on order) 


TRACE WRITING SPEEDS to 75,000 IPS 
FREQUENCY RESPONSE to 5,000 CPS 
GRID LINES Linear Log or Special to Order 
SHARP FOCUS TRACE LINES at All Speeds 


RECORDS THREE WAYS—on Direct Readout Paper, 


r ormation circle 13 on inquiry card. 


MIDWESTERN 
a) eee ee a 








“LEADING THE ADVANCEMENT OF THE ART” . . . 


... is an accurate description of the 606 Direct Recording Oscillograph which is indeed a tribute to 
the creative talents of Midwestern’s engineers. 


Various research and development programs of the United States Armed Forces and an equally 
great number of laboratories in private industry regularly depend on test information supplied 
through the use of Midwestern’s instruments. Performance of the 606 D/R places it in a 

position of preeminent importance in these fields. 


50 _ 12-IN. 
CHANNELS a RECORD 


Illustrated with Mode! 248 Magazine 


Photographic Paper or Photographic Film 


For more information circle 13 on inquiry card. 


41ST AND SHERIDAN TULSA, OKLAHOMA 





Ope ‘ating Guide Computer 
Goes On-Line 
PHILADELPHIA, PA.—An Operating Guide Com- 


puter System—the first installation of its kind in the 
process industries—-has been successfully placed on-line 
at a catalytic cracking unit at Esso’s Baton Rouge Re- 
finery. Engineered and constructed by Leeds & Northrup, 


the system measures 160 process variables of which 27 
are computed operating guides such as catalyst circula- 
tion rate, carbon burning rate, material balance, etc. The 
system incorporates a Royal Precision LGP-30 general 
purpose digital computer. In addition to calculating op- 
erating guides, the system prints out off-normal condi- 
tions, and furnishes on-demand, hourly, and daily log- 
sheet summaries of process operation. 


Cryostat for Precise 
Tem perature Control 


WASHINGTON, D. C.—The Cryogenic Engineering 
Lab of the NBS Boulder (Colo.) Labs has developed a 
cryostat for Jow-temperature research on electronic ele- 
ments such as a quartz crystal oscillator frequency 
standard. 

By employing several convenient 
liquefied gases successively as re- 
frigerants, the cryostat controls the 
temperature of an electronic element 
over a wide range of temperatures— 
at essentially any value between the 
boiling point of liquid helium and 
room temperature. Accuracy of con- 
trol ranges from approximately 0.01 ° 
to 0.001°F. Electric resistance ther- 
mometers or thermostats in bridge 
circuits automatically adjust the elec- 
tric heat input to balance exactly the 
heat loss to the cooler environment. 

Diagram shows “oven” (J) which 
is insulated by vacuum held in (2). The liquefied gas 
refrigerant contained in (3) is protected from room tem- 
perature by vacuum container (4) and radiation shields 


(6). 
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Jones & Laughlin Starts 
Continuous-Weld Pipe Mill 


PITTSBURGH, PA.—J & L has been practicing con- 
tinuous-weld pipe welding for about a year in_ its 
\liquippa Works. With the opening of the second mill 
in late June the process was shown to the press: A total 
investment of $1814 million in the two mills will yield 
greater production and finer products than from the two 


FIG. 1. OPERATOR in air-conditioned control room 


sends signals to forming and welding stands. 


FIG. 2. CONTROL PANEL keeps automatic watch 


on temperatures, pressures, etc. 


butt-weld mills constructed in 1926. Instrumentation 
covers mainly temperature measurements and controls 
(such as temperature of furnace, waste gas, skelp. etc.) 
for which Minneapolis-Honeywell, Leeds & Northrup, 
ATC, and others furnished the instruments. as well as 
BTU, air and flue pressure measurements shown on 
Republic indicators. The welding and forming stands are 
controlled from a console. 


West European Plants 
to Have U. S. Computers 
BRUSSELS. BELGIUM—Bendix Aviation Corp. re- 


ports a keen interest displayed by a great number of 
European countries in the G-15 digital computer, like 
the one being demonstrated at the American Pavilion 
of the Brussels Exposition. Italy, Germany and Belgium 
are interested in the computing equipment that provides 
shortcuts to problems in aircraft and guided missile pro- 
grams. “Several hundred authentic major industrial in- 
quiries” have been received to date, from all European 
countries in attendance at the exposition, reports Bendix. 






























SURFACE...EXTREME HARDNESS...LOW COST 








—all this and more, with LINDE Sapphire! 


[KoMekSsUl acme lel oteiaroiol ofl It iVanUlalel-1anlal-MualeXt it-N'7-1d-mdolaleli lela 


tiny valve poppets and seats of pilot relief valves for space 
“isda sie (olal a Molen Lal ola A Aall ite 4:1 am Glelabicel Mel d-Maaslelot<midelan 
LINDE Sapphire. LINDE Sapphire was selected over other 
materials for this critical use because of its perfectly 
Taaloleh amielaielaemes Oiacinalemalol de lalzttomelale Ma-ifebihzsi an lol Vatdlott) 
Oli -ramorohZelatiole[=1 Meld sedst tis {elald im fol dela del tiolaimelale ME iols| 
delive ries azelaal LINDE 

Among other properties of LINDE Soro} lalla: old-mey 4s de) 
porosity, great strength at elevated temperatures, and a 
high melting point of 2040 C. LINDE Sapphire is trans 


parent, may be clear or red 


| 


Itis easily sealed to metals or 
acidolanlia Me lave Malol Mss daciilclat a |. anidelatialtttielamaaleldelaiclattila 
LINDE Sapphire is supplied in the form of balls, rods 


! 


tubes, domes, and special shapes to order. For more in 
formation, write Crystals Department, LINDE COMPANY 
Division of Union Carbide Corporation, 30 East 42nd 
Street, New York 17, N. Y. In Canada: Linde Company 


Ola stela Mohan Olallolas kel dolie(-ii Grolatelolom Miantticvor 


You get 


PLUS 


im Moeller 


Thermo-wells 
Separable Sockets 
Thermo-Couple 
Protecting Wells 
and Tubes 





design iad monuboctons of 
temperature measuring 


instruments . a 
and has been since 1867. 


meegucticitee™” 


MOELLER 


INSTRUMENT COMPANY 


Representatives in Principa 


Gentlemen: Without obligation, please send me Moeller 
Catalog No. 150 on Thermo-Wells, Separable Sockets, Ther- 
mo-Couple Protecting Wells and Tubes. 


NAME 
FIRM 
ADDRESS 


nquiry card, 
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News Bits 
AUTOMATED CHEMISTRY LAB built by Britain’s 


Baird and Tatlock Ltd., will collect samples; mix and 
meter reagents and samples; heat and agitate solutions; 
run color, titration, potentiometric, etc. tests; graph re- 
sults; wash equipment; sound alarm or make automatic 
corrections in process. 


BATTELLE scientists are studying the properties of 
three semiconductor compounds—indium phosphide, 
gallium arsenide, and aluminum antimonide—for use in 
transistors and rectifiers operating in high temperature 
and nuclear environments. Companies jointly sponsor- 
ing the research include: Erie Resistor Corp., General 
Electric Co., International Business Machines Corp., Ohio 
Semiconductors, Inc., Phileo Corp., Sarkes Tarzian, Inc., 
and Texas Instruments. Ine. 


EECo has delivered the digitizing system for Project 
DATUM of the Centralized Data Processing Facility, Air 
Force Flight Center, Edwards Air Force Base. One of the 
inet military- -type data processing facilities in the 
U. S., it provides rapid automatic data processing of test 
airc at rocket engine, and radar data gathered during 
flight tests. ECCo also announces receipt of an order 
for a Computer Language Translator (from Systems 
Development Corp.) to translate computer data into a 
common language acceptable by most existing computers. 


fine 


EECO Digitizing System DEVCON 


programmer & recorder 


DEVCON has designed a new programmer and recorder 
system for pilot plant production of gasoline by catalytic 
reforming. The machine has been installed in the process 
laboratories of Esso Research and Engineering Co., 


Linden, N. J. 


THIRD EIA CONFERENCE ON RELIABLE ELEC- 
TRICAL CONNECTIONS to be held in Dallas Decem- 
ber 2, 3 and 4, 1958 will bring an innovation, in that 
papers will not be read by their authors, but will be 
available for sale October 15 so that questions can be 
prepared which will be answered at the conference. 


LAMP DIVISION OF GE is using a BENDIX AVIA- 
TION G-15 computer to solve radiation problems in- 
volving temperature changes in wire filaments and fila- 
ment vibration of electric light bulbs. 


An International CONVENTION ON TRANSISTORS 
and Associated Semi-Conductor Devices will be held in 
London’s Earls Court from May 25 to 29, 1959. Spon- 
sored by the Radio and Telecommunication Section of 
the Institution of Electrical Engineers it will be ac- 
companied by an International Exhibition. Address In- 
dustrial and Trade Fairs Ltd., Drury House, Russell 
Street, London W. C. 2, England for information. 


ASA has published new standards for Outlet Receptacles, 
Attachment Plug Caps, and Appliance Plugs, designated 


C73.1-1957. 





. RotoRelay - 


works like 


‘ a motor ie 


ELECTRONIC 


Electronic Relay Model #4 is the most important advance in the 
design of highly sensitive electronic relays for the control of 

relatively large amounts of power. Every conceivable relay improvement 
is embodied in this new instrument. It is designed with the new 
RotoRelay which employs a mercury-to-mercury contact in a 
completely sealed steel chamber. 

RotoRelay employs a sealed mercury switch tube which is tilted to the 
open-circuit or closed-circuit position by a highly efficient magnetic 
circuit. There is no sliding plunger within the mercury tube. This means 
you get positive action ...no danger of sticking or breaking! The d.c. 
power input for reliable operation of RotoRelay with a 35-amp mercury 
tube is less than one watt, compared with four watts for a mercury 
plunger relay. 

Also you achieve direct current in the control circuit. You cam use 
unlimited lead wires to your control, making it independent of 
capacitance changes. The control circuit operates with micro currents. 
The Electronic Relay Model +4 is in a corrosion resistant case 
convenient for permanent installation or bench use with a 15 amp 

line cord and power receptacle. 


For complete information, weite for Bulletin 


TABLE OF RELAY CHARACTERISTICS — Model +4 





Load Current | 35 amps. 115 volt AC 





Control Voltage | 7 volts DC open circuit 





Control Current 2 microamps DC closed circuit 





Catalogue No. 24875 





Price 115 








® 


For more information circle 16 on inquiry card. 


20-26 N. MOORE STREET 


p-pert. 230 N. Y. 13, N. Y. 
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MELETRON 


Pressure Switch 


for Proof Pressures 
from 500 to 12,000 p.s.i. 


PUG PR ONE) py 


Competes on Price 


Wins on Accuracy 


EXTREMELY 
ACCURATE 


Simplicity of direct act- 
ing design plus rugged 
precision construction 
make for long, unchang- 
ing repeat accuracy. 


Note, that we don't use 
LINKAGES NGS 


whic ey wear, 
cai ‘o drift. 





IN ANY 
POSITION 


on moving equipment, 
even under vibration, 
switch performs with 
equal efficiency. 


PRESSURE SWITCH 
DIVISION 
5125 ALCOA AVENUE 





To get complete specifications and 
operating data ask for bulletins 302 
to 382. 


arksdale valves 


LOS ANGELES 58 @ CALIFORNIA 


For more information circle 17 on inquiry card. 
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stock report 


Any further information concerning any of the following 
issues may be obtained from the Research Department, Bache 
& Co., 36 Wall Street, New York 5, N. Y. 


New York Stock Exchange: 
Price Range Por 1956 Thur 9/10/56 _— 
Price As of 9/16/58 
ACF Industries 
American Chain & Cable 
American Machine & Foundry 


Amefican Machine & Metals 
American Optical 


® 
a 


Bendix Aviation 

Boeing Airplane 

Bullerd 

Bulova Watch 

Burroughs 

Carborundua 

Cincinnati Milling Machine 


Clevite 
Columbia Broadcasting “A” 
ited 


BEESSSPSESESREMS 


Electric Auto Lite 

Elgin Watch 

Emerson Electric 

Food Machinery & Chemical 66 
ua 30 1/8-30 1/2 (1) 
42 1/2 


61 1/2 


rae 


PRPS Psr 


Precision Equipment 
Railway Signal 
Telephone 


Controle 


koe 


General Tire & Rubber 
International Bus. Machines 


(1) Bot Traded - Bid ant Asked 
International Tel. & Tel. 


SRPLEBVESE 


Mallory 

Minpeapolis-Boneyvel) 

Minmpeepolie Mining & Mfg. 

motorela 

National Acme 

Rational Cash Register 

Worth American Aviation 
Aircraft 


Phileo Corp. 
Redio Corp. of America 


Stewart arne> 
Sylvanis Electric 
te 


Tung-Gol Electric 
Underwood 


Corp. 
Union Carbide Corp. 
United Shoe Machinery 
Western (mion 
Westinghouse Air Braxe 
Westinghouse Electric 
Worthington Corp. 


(1) Mot Traded - Bid and Asked 


Continued on page 1618 








FOR SPEEDY INFORMATION 


Slow down long enough to note there is a key 
number at the end of product and literature re- 
views and at the foot of each ad. To speed more 
information your way, circle the corresponding 
number on the inquiry card bound in this issue. 
If the card has already been used, simply write 
the key number, the date of issue, and your name 
and address on a postal card and send c/o our 
Reader Service Dept. 


















SERIES S CONTROL 
VALVES 


Specifically designed to handle 
the tough services which cause 
ordinary valves to fail. 

® Sizes to 14"'; pressure ratings 
to 2500 Ibs. 

® Extra heavy body construction 
exceeds ASA standards. 

* Self-sealing bonnet will not 
leak regardless of temperature 
or pressure conditions. 

* Patented Rotomotor actuator 
handles large sizes with high 
power requirements. 


SERIES HB SAUNDERS 
VALVES 


Original close-coupled design 
introduced by Conoflow has 
long been an industry standard. 
* Completely engineered fac- 
tory assemblies assure premium 
performance. 

® Actuators for on-off or throt- 
tling control in all valve sizes. 
® Exclusive Bonnet Loading Sys- 
tem available for higher thrust 
outputs. 

© Compact construction allows 
for more economical piping 
arrangements. 
















CONTROL VALVES BY 
CONOFLOW 


YEARS AHEAD IN DESIGN 


SERIES LB CONTROL 
VALVES 


Quality construction and truly inte- 
grated body-actuator design com- 
pletely outmodes conventional con- 
trol valves. 

* Cono J Positioner sets new indus- 
try standards for precise propor- 
tional positioning. 

® Rugged cylinder actuator utilizes 
sturdy metal piston and exclusive 
lipseals which cannot leak. 

* Single-seat body design guaran- 
tees positive, tight shut-off under 
any conditions. 

* "Lift-out’ seat ring can be re- 
placed quickly with a minimum of 
effort. 

* Extra thick body walls give added 
protection against corrosion and 
erosion. 

* Simplified construction means less 
replacement parts and substantial 
inventory savings. 


VALVES 


CONOFLOW CORPORATION 


FOREMOST IN FINAL CONTROL ELEMENTS 


SERIES AB CONTROL 


A line of economical control 
valves for handling small flows. 
® Bodies available in two and 
three-way design, in all alloys. valves you get the best valve ava 
® Extra long stroke; double that 
of conventional valves. 

® Suitable for high pressures 
and corrosive services. 

® Completely enclosed spring- 
over-diaphragm construction is 
compact and protects spring 
from atmospheric corrosion, 


For more information circle 18 on inquiry card. 




















































When you specify Conoflow contro 


{ 
| 









able for your control application. Write 
for literature or let us put you in-touch 
with a Conoflow representative quali 
fied to help solve your control problems 


















Conoflow Corporation, Dept. C-805 
2100 Arch Street, Philadelphia 3, Pa 















WAC RAR RS 
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cea i | American Stock Exchange: Continued from page 1616 
PT | Price Range Por 1956  Tarw 9/16/56 


~~ 
— ~ | 
HALLTOWN — 
\ y] . ave 
~~ i Barry 61/6 43 8 1/2-8 5/%(2) 
— ee 3 7 3/8 10 
——— ——_s : & 
—— <a Clark Controller 
| Clarostat Mfg. 


Clary Corp. 
Dutiont Laboratories 


DIAPHRAGM six: 
Electronics Corp. of America 
nm ice 
Pairchild Camere & Instrument zis 
15 7/8-16 3/6 (1) 
47 5/8 


i 
3 
Globe -Union r 
Baxeltine Corp. / i 
International Resistance / % 5S ifs 
Lear, Inc. rif f 71/8 
Hetional Research is 7/8 
rv 


}FOR ACCURATE 7 238 Bie ae: 


11/6 
Norden-Ketay > 1 23 1 1-3 1/*(1) 
7/8 i 


Pp R R —E ' Buclear Corp. of Americe 
| Poeumatic Scale 


Servo Corp. of America 
Servomechanisas 


MEASUREMENT | Tee 
IN OUNCES OR | 2) eat  tst 
INCHES OF WATER Over-The-Counter 








Marshalltown Figure 83 is an extremely sensitive gauge that 
uses a carefully seasoned bronze diaphragm to accurately 
measure very low pressures. It is used extensively on many a. a 
types of natural gas installations for checking low pressures. 
TP aTe, 
Available in standard dials (reading | Write for details 
in inches of water) 0-15” -0-30” -0-60” » 2nd price, LOOK To l 
-0-100” -0-160” . . . also in ounce FOR ONE OE THE 
graduated dials from 15 ounces to 5 Pica on iebe | 
pounds, 212”, 3/2” and 4'2” dial sizes CATING PRESSURE | 


mounted in black enameled steel case. L GAUGES MADE! 


MARSHALLTOWN MFG. COMPANY 


MARSHALLTOWN 3, IOWA 
Varian Associates 
Vitro Corp. of America 
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EQUIP FOR THE SIZE OF THE JOB 


DRILL MICRO-HOLES 


DOWN TO .0016” with SPEED & ACCURACY 


on JEVIN |NSTRUMENT LATHES 











The Levin micro-drilling equipment shown here can be used with the smallest drills available. It is designed so that the drilling does not 
depend on the operator's sense of feel. The drill can be retracted for chip removal and returned to the drilling position without striking the 
bottom of the hole. While commercial drills can be had as small as .0016” this micro-drilling apparatus has successfully produced holes 
as small as .0006”. Send for catalog M describing complete line of instrument lathes and accessories. Louis Levin & Son, Inc., 3610 S. 
Broadway, Los Angeles 7, California. 
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NEW... first truly linear 
rotameter flow transmitter 


Another milestone. The new Brooks MPT-50 Transmitter 
gives a fully linear pneumatic signal based on 

true flow rate, not simply float position. The MPT-50 

is unique; it increases the accuracy of a 

transmitted flow signal. Accuracy to 1% is 
attainable based on air output versus actual 


flow rate. 


Extremely low flow ranges are also within 
the scope of the MPT-50. You can 

go down to 50 to 500 cc/min. with 

the same dependable transmission. 


t 


Write for Spec. Sheet SS-170-1. — =f 











BROOKS ROTAMETER COMPANY 


1058 I STREET 
LANSDALE, PA. 


Specialists in Complete Rotameter Instrumentation S.A. 1808 
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Movable-Vane Flowmeter 


A portion of the flow (liquid or gas) acts upon a 
movable vane. As the vane rotates with increase in 
flow, the amount of flow by-passing the vane increases. 
An adjustable insert permits accurate calibration of 
each meter to meet operating requirements. This per- 


INDICATION ON DIAL 
BY: 
GEAR TRAIN 
DIRECT VANE READING 
MAGNETIC FOLLOWER 


NEEDLE INDICATING VANE 


ACTUATED BY 
FLUID FLOW 


CALIBRATED FLUID 

BY-PASS AREA 
mits relatively uniform increments on the scale for 
easy, accurate reading. A very small constant pressure 
drop across the meter provides sufficient power for op- 
eration . . . Flow pattern through the meter chamber 
keeps the housing clean. The movement of the vane 
combats accumulation of scale and sludge . . . The 
large area of vane engagement with the flow stream 
serves to average velocity differences and turbulence, 
providing an approximation of the ideal of laminar 
flow ... (From new 8-page Bulletin, V-100, Seico 
Instrument Div., Eclipse Fuel Engineering Co., Rock- 
ford, Ill.) 
e 201 on 


Sports Car “Rally” Computer 


This precision rally computer simplifies rally navi- 
gation since all TSD (time, speed, distance) calcula- 


tions are performed quickly and precisely . . . Kear- 
fott’s computer is independent of the car with the ex- 
ception of electrical power required for the computer's 
motor. Since the computer operates only as required 
by the navigator for TSD computations, it cannot ac- 
cumulate erroneous mileage or time in the event you 
go off course. .. . This computer is an “accumulative” 
type instrument which provides time data for any dis- 
tance or distance data for any time . . . Continuously 
computes and displays time, speed, distance. It is 
possible to use continuous rally mileage information 
without the need for reducing continuous mileages to 
leg mileages . . . (From new 2-page leaflet, Kearfott 
Co., Inc., Little Falls, N. J.) 
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Transistor Digital Circuits 


The Epsco Series 100 Transistor Digital Circuits 
comprise a fully compatible set of all the basic circuit 
types required for digital equipment and system con- 
struction... transistor and diode logic circuits, ampli- 
fiers, signal forming circuits, time pulse generators. 
power supplies, visual indicators . . . The TDC 100 


CIRCUIT TYPE CIRCUIT SYMBOLS 





4 
8 


Ro 








R Gr 


C—Count 
$p —Direct Set 
Gs —Reset Gate 








x= N (NOR Gete) 
= (PARALLEL Gote) 
= C (CASCADE Gote) 


Series is intended primarily for central logic applica- 
tion... Contains specific types for all basic logie op- 
erations, using either transistor or diode gating. or a 
combination of both. All circuits are applicable to 
either non-synchronous or synchronous (clocked) 
logic using normal or “tail-end” gating ... (From new 
20-page bulletin, Epsco, Inc., Components Div., 108 
Cummington St., Boston 15, Mass.) 
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Mechanical Remote Controls 


Assume the control . . . consisting of push-pull A, 
cable and conduit B, and control box C (80 tooth 
size) is installed to operate lever D mounted to the 


10 the. g___ 6 ibs, 
_ D t = 
—- 3° 





OUTPUT END 


CONVERSION OF LEVER FORCES TO CABLE LOADS 
INPUT LOADS 1, Wheel circumference 


TENSION — 38 ibs. | Number of teeth x cable pitch 
—_——_— 80 x 0.1 = 8 inches 


ee t 
2.R 
COMPRESSION — 2@ ibs. 


wheel radius $ 1.27 inches 





10x3 
127" 
6 
T 


3. Output load = Tension 23.6 Ibs. 


INPUT END ie 
Sar = 14.2 tbs 


4. Output load = Compression 
control box shaft. Assume forces resist the move- 
ment of the lever as indicated. Assume the handle 
loads necessary to overcome the lever forces and the 
friction of the control system are 38 Ibs. in tension and 
24 lbs. in compression (From 26-page spiral 
binder, including nomographs for estimating loads, 


Teleflex Inc., Church Rd., North Wales, Penna.) 
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GAG TOG 
the new 
digital 


magnetic tape 


recorder/reproducer 


NOW AVAILABLE... Not merely a laboratory instrument, but a 
fully ruggedized, reliable digital recorder designed for a whole gamut 
of industrial applications where long periods of unattended operation 
with minimum maintenance and down-time are paramount. Stand- 
ardized speeds, track-width and spacing, and start and stop distances 
assure complete compatibility with other digita! tape transports and 
handlers. Contact your nearby CEC field office for complete information, 
or write for Bulletin CEC 1608-X14. 


* Modularized components, such as Power Supply Unit 


at right, permit instant access and easy maintenance 
or replacement with minimum down-time. 


DataTape Division 


&) Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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SERIES 100 
FORGED NEEDLE VALVES 


Hoke presents the Series 100—a new line of 
full-flow, general purpose valves especially 
designed for water-oil-gas application and 
guaranteed against stem leakage from non- 
critical vacuum to 10,000 psi! Here you'll find 
traditional Hoke quality combined with such un- 
usual features as the exclusive Hoke nylon stem 
wiper. Offered at a truly competitive price. 








SEE NEXT PAGE FOR 
INSIDE STORY ON THIS 


VERSATILE NEW VALVE! 
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Odor-Meter 


The Odor-Meter . . . employs two dilution stages 
with controls permitting the production of any odor 
concentration in proportions ranging from 1/20 to 
1/40,000 of those in the original stream. The result- 
ing mixture, conditioned when required, is delivered 
through tubing to helmets worn by human subjects 

It is not generally appreciated that subjective 


$-43% 
Odor Concentrations 


== 8/70 jat —A and ot —B— re 


83 





DILUTION RATIO 


8 8 8 883 








odor measurements . . . can result in figures deserib- 
ing odor quantity and odor concentration that can 
be employed in evaluation problems and in engineer- 
ing design. Such figures are just as tangible as those 
employed in describing dust quantities (grains per 
cubic foot, pounds per hour, etc.) or those for de- 
scribing vapors and gases (parts per million, cubic 
meters per hour, etc.). They can be employed in 
micrometeorological calculations for rate of dilution, 
for determination of the efficiency of scrubbers or 
other odor-removal units, for rating the relative im- 
portance of various odor sources, and for other 
similar engineering purposes . . . (From new 4-page 
bulletin, Hemeon Associates, 121 Meyran Ave, Pitts- 
burgh 13, Pa.) 


Fort 
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Instrument Air 


Certain processes and instruments require rela- 
tively small quantities of extremely clean compressed 
air. Dirt particles or entrained liquids in this air im- 
pair operation, affect accuracy, and shorten instru- 
ment life. 








The Air-Maze instrument air filters employing special 
felt type filter media are designed to remove fine dirt 
particles and entrained liquid droplets from a com- 
pressed air stream ... The filter element is made up 
of two diameters of felt discs alternately stacked on a 
perforated center tube to provide increased filter 
area. (From new 2-page release form IAF-1256, Air- 
Maze Corp., 25000 Miles Rd., Cleveland 28, Ohio.) 


For this literature circle 206 on inquiry card. 












Teflon 


Teflon is a basically different engineering materi- 
al... The chemical, electrical and mechanical prop- 
erties of virgin material offer engineering advance- 
ments possible with no other component material. 
The use of fillers to enhance specific properties offers 
ever further improvements. It has been demonstrated 
frequently that mere duplication of the design and 
dimensions of rubber, leather, ceramic, phenolic, 
metals and composite materials for which Teflon is 
advantageously substituted, fails to bring out the full 
improvement this new material can offer .. . Halogen 
specializes in the economical production of final parts 
from basic forms such as rod, tubing, extrusions, pre- 
form moldings, ete., which they also manufacture. . . 
(From new 4-page bulletin, Halogan Insulator & Seal 
Corp., 10121 Franklin Ave., Franklin Park, Ill.) 
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Chart For Logarithmic Mean 
Temperature Difference 


The most disliked formula—-disliked even by engi- 
neers because of the time required to use it—is the 
one given on the accompanying chart for determin- 
ing the Logarithmic Mean Temperature Difference. 

It is easier to find the “average temperature dif- 
ference”, and, even though the result is incorrect, the 
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“easy method” is often used. It should never be used 
on important work. The accompanying chart was 
therefore developed and it makes the work even easier 
than the incorrect “easy method”. . . 

Between the left hand and middle columns you 
will see the Key, which shows how to use the chart. 
Connect the Initial Temperature Difference with the 
Final Temperature Difference as indicated by the 
dotted line. The intersection of that connecting line 
with the middle column gives the LMTD almost in- 
stantly. And, of greatest importance—the answer is 
correct... (From new 81%” x 11” free chart, Dean 
Thermo-Panel Coil Div., 616 Franklin Ave., Brooklyn 
38, N. Y.) 

For tt terature circle 208 on inquiry card. 























| 
*ON HOKE'S VERSATILE, NEW 
GENERAL PURPOSE VALVE 






i 


SS) 
ai 


A 















+ Diecast Aluminum 
Handle 






+ Centerless 


+ Exclusive nylon 
Ground Stem 


Stem Wiper 


+ GUARANTEED 
Leak-Proof 
O-ring Seal 











+ Safe, Integral 
Bonnet 

















| 


+ Rugged, Forged 
Carbon Steel 
Body in Globe or 
Angle Patterns 






(iuirms © 





Can be supplied for panel mounting. 





SERIES 100 
FORGED NEEDLE VALVES 






Use these versatile, full-flow Series 100 valves for 
throttling, regulating, or shut-off. Use them for ap- 
plications where temperatures range as low as 
-40° or as high as 200° F. They’re compact in size 
and available in a selection of male and female 
connections. Guaranteed against stem leakage! 













Write for complete information and FREE sample 
valve on your company letterhead. 


HOKE 
INCORPORATED 


Fluid Control! Specialists 
31 PIERMONT ROAD, CRESSKILL, N. J. 
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BRIEFS —continuep 


Valvmatic Actuator 


Valvmatic is ideal to open and close remote units 
as well as to actuate valves . . . Unusually fast, easy 
installation . . . Valve remains in line; piping is left 
undisturbed. No machining of special valve nuts. 
Position and torque limits provided for both rotation 





srzan 


UREAEE EREEETEDEDET 2 


directions to prevent valve injury . . . Adaptable to 
nearly every application where valve handle does not 
rise, and where valve handle can rotate when valve 
is operating under power. Remote push-button opera- 
tion; in the event of power failure, just pull two pins 


Automatic Analytical 
Chemistry 


The Autoanalyzer is a system for automatic 
analytical chemistry. It approaches the problem in 
a dramatically new way. Conventional manual tech- 
nics are predicated on (1) measuring out specific 
volumes of fluids, (2) creating a change in the fluid, 
(3) measuring the change and finally, (4) relating 
that change to the volume for a specific value. To 
arrive at a result every reaction must generally be 
brought to completion. 

None of these progressive steps are necessary with 
the Autoanalyzer. On the contrary, it continuously 
measures and compares on a moving graph, the level 
of concentration of a given component in the test 
solution against a known concentration of that com- 
ponent in a standard control solution . Once the 
experiment has been set up (which involves only hook- 
ing up a set of tubes and takes less than a minute) 
the samples to be analyzed are picked up, pumped 
along and mixed with a flowing stream of diluent. 
The diluted sample then moves through a dialyzer 
where its diffusable constituents are separated and 
fed into a flowing reagent stream. This stream may 


now be passed through . . . a colorimeter, a conduct- 


ance bridge, a flame spectrometer, or a temperature- 


to operate valve manually . . . High-torque, instantly- 
sensing element for analysis. (From new 16-page 


reversible, totally enclosed motor .. . (From new 
4-page Catalog, V-200, C. H. Wheeler Mfg. Co., 19th brochure “AutoAnalyzer,’ Technicon Instrument 
and Lehigh Ave., Phila. 32, Pa.) Corp., Chauncey, New York.) 
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and money... ship via 


‘“*DATATRONS” CROSS U.S. 
IN NORTH AMERICAN VANS 


Ene 4 


€ 


save time 


High-speed electronic computers 
made by Electro-Data Division, 
Burroughs Corp., travel door to 
door uncrated in smooth-riding 
North American vans. Left, unit 
being loaded at Pasadena plant. 
Right, “‘Datatron"’ ready to go to 
work. (North American recently 
moved entire Electro-Data Divi- 
sion to new 40,000 sq. ft. plant 
in Californic — another widely 
used industrial service offered by 
the world’s leading van line!) 











erican 
INES, Inc. 


movi 


“America on the go” | ss Nor 


Hear Alex Drier’s Salutes | co MA 


w oRtLD-WIODE 


to Industry—Every Sun- 
day Evening, 6:05 P.M. 
New York Time, NBC- 
Monitor 


DOOR-TO-DOOR DELIVERY...UNCRATED...HIGH-VALUE PRODUCTS...EXHIBIT DISPLAYS .. 
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Flag Type Circuit Indicators 


Emico Flag Indicators are miniature instruments for 
indicating electrical circuit conditions by the sema- 
phore system. A change in circuit current flowing 
through the instrument coils causes a magnetically 
operated semaphore arm to pass in view of a window 
masking a white background color with the red color 
of the arm. The effect of this action makes visible 
through the window a complete transition of color. 
such as red when the current is off, and white when 
the current is on, or vice versa... (From new 5-page 
bulletin, Electro Mechanical Inst. Co., Perkasie, 


Penna.) 










erature circle 209 on inquiry card. 





Micro-Rule 


Micro-Rule is a rule to measure minute distance. 
Working on an entirely new principle, it provides a 
means to readily measure and lay out distances to 
1/1000 of an inch without eyestrain and without the 
use of a glass. The graduation lines on the scale end 
in “V” shaped notches and with the aid of a pricker 
the distances are transferred to the paper, or other 
medium, as fine dots . . . can be used for laying-off 
can be used in place of a proportional di- 








angles... 
vider ... can be used when drawing circles, especially 
when diameters are in decimals... (From new 38-page 
catalog, Theo. Alteneder & Sons, 1217 Spring Garden 
St., Phila. 23, Pa.) 
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DOUBLE-CHECK THESE ADVANTAGES: 






V/ Eliminates costly crating, uncrating. 


AI saves disassembly and reassembly time. 






YS door-to-door delivery; no drayage cost. 


Vo Proved gentlest in Impact-O-Graph tests.* 














*Impact-O-Graphs placed with prod- 

ucts shipped via North American van 
showed far less shock and jar than 
other methods of transportation. 
Coupon brings report of findings. 


.. RELOCATED OFFICES AND LABORATORIES 








VS Prompt pickup, fastest service anywhere. 








Rotary Stepping Switches 


The high-speed, multi-contact rotary stepping 
switches are widely used to perform four types of 
control operations: (1) Selecting any one circuit from 
among a number. (2) Selecting an idle circuit from a 


group. (3) Consecutively performing operations in 








INTERRUPTER | 
SPRINGS 
=. 


ORIVING 
SPRING 











ARMATURE 


CONTACTS 





Schematic Diagram 
Self-Interrupted Operation 


(Spring-Drive Switch) Mpa 


TO BE CONTROLLED 

separate individual circuits. (4) Providing times pulses 
at accurately spaced, equal or unequal, time intervals 
... Under proper conditions, and with self-interrupted 
operation, Automatic Electric stepping switches will 
operate at speeds up to 60 steps per second or more! 
Thus, they are used for control systems in which in- 
tervals of time are of critical importance .. . (From 
new 102-page catalog, Automatic Electric Co., North- 


lake, Ill.) 
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“North American Van -— 


NOCRATED: 


‘Phone your local North American Van Lines 
Agent now... 

He’s listed in the Yellow Pages under ‘“‘Movers.”’ Or 
send coupon below for details of High-Value Prod- 
ucts and other North American specialized industrial 
services, and ‘‘Wife-Approved”’ moves for transferred 
personnel. North American Van Lines, Inc., World 
Headquarters, Fort Wayne, Ind., North American 
Van Lines Canada, Ltd., Pickering, Ont. 





Cy 15 
ORO WIDE M Ove 


World Headquarters, Dept. 1A-108 
Ft. Wayne |, Ind. 


Without obligation send me the report on Impact-0-Graph tests and booklets 
indicated below. 


() Exhibit Displays 


| 

| 

l 

| (FD High-Value Products 
O Transferred Personnel 

I 

| 

l 

| 


([] New Products Service 


| _ a AL RRNNRd  RNUI A RT t oN fnby! Soe ee ees a OO ees 


Company... 
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Indicating Motion-Balance Transmitters 
... for flow, pressure, and level 





Low Displacement Force-Balance Transmitters 
... for flow, pressure, and level 





Thermocouple and Resistance Bulb Converters 


... Magnetic amplifiers...no vibrators 
.-. No mechanical rebalancing 





Displacer Level Transmitters 
.-.force-balance for simplicity 





Control Valves 





...electro-pneumatic and electro-hydraulic actuators 





The Electronic Consotrol Controller (shown 4/5 ac- 
tual size) concentrates all control and supervisory 
functions in one slim 3 x 6 inch case. Controller 
operation is entirely independent of recorder. 


FOXBORO Electronic 


REG. U.S. PAT. OFF. 





























Electronic Consotro! Recorders (shown Consotrol housing design permits un- 
1% actual size) use a simple, powerful equalled flexibility in panel arrangement. Recorders 
pen motor which can be operated di- and controllers can be mounted separately in indi- 
rectly from transmitter signal without vidual housings—or enclosed in a compound unit. 
amplification. Available in 1 and 2 pen Regardless of mounting, either unit pulls out 
models. te 
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for the 
first time... 


the 100% solid state 
electronic system! 


m thermocouple and resistance bulb converters -using magnetic amplifiers 
mchoice of force-balance and motion-balance transmitters 
w long time-constant tubeless controllers 


Consotrol Instrumentation 


Electronic Consotrol* Instrumentation—the most complete and advanced family of electronic-oper- 
ated measurement and control instruments available today! That just begins to describe Foxboro’s 
dramatic new advance in instrumentation. 7 7 7 Foxboro electronic transmitters, indicators, re- 
corders, control stations, computing stations, valve actuators and other final operators cover every 
function in the control loop. All are linked by a d.c. current signal. All are completely tubeless. 
Even thermocouple and resistance-type systems no longer require vacuum tubes. 7 7 7 Electronic 
Consotrol systems convert temperature, pressure, flow, level measurement, etc., to a proportional 
signal at the transmitter. Transmission to a remote control station is instantaneous—using an elec- 
tronic motion-balance or force-balance transmitter. Designs are available for both hazardous and 
non-hazardous areas. ¥ 7 7 Electronic Consotrol Instrumentation heralds a whole new era in 
process control engineering. Write Foxboro today for the new 32-page Catalog 21-10 which gives full 
details. The Foxboro Company, 4610 Neponset Ave., Foxboro, Mass., U.S.A. *Reg. U.S. Pat. Off. 
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CORRUGATED SLEEVE 


shields working parts 


A durable, two-ply stainless steel Sealing Bellows in 
Consolidated Safety Relief Valves isolates contaminants, 
corrosion or viscous fluids from the working parts. The 
Bellows is balanced with the seating surface. Capacity 
is less affected by variable back pressure, so you can use 
smaller discharge piping and reduce the cost of pressure- 
relieving systems. 

Full-rated relieving capacity is certain at all positions 
of the single blowdown adjusting ring because a fixed 
maximum secondary orifice provides full lift at 10% 
overpressure. Even with superimposed back pressure in 
the relieving system, valve action is consistently positive. 

Protection of working parts is but one of many reasons 
why Bellows Type Consolidated Safety Relief Valves 
assure absolute protection for personnel and facilities. 

Consolidated Safety Relief | Write for details, including facts about the Standard 


Valve with Sealing Bellows. = valve that you can convert to the Bellows type in your 
Type 1900-30 Series, Sizes: es ne ee 


1%” x 2” to 8” x 10”. own shop. Ask for Catalog 1900. 


MAXWELL CONSOLIDATED SAFETY RELIEF VALVES 


& A product of 
M MANNING, MAXWELL & MOORE, INC. 


TRADE MARK Consolidated Ashcroft Hancock Division « Tulsa, Oklahoma 
In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


MANNING 
INI JYOOW 9 
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TRANSMITTER COMPUTER £ ACTUATOR 


a subsidiary of GENERAL PREC 





new era incontrol science! 


anew kind of service to industry in the fields of auto- 
matic control and automation! 

GPE Controls. Inc. is the result of a new idea—to bring 
you the products and the counsel of a coordinated, inte- 
grated service in control technology. It welds together the 
separate industrial control capabilities of several subsid- 
lary Companies of General Precision Equipment Corpora- 
tion, and it brings vou the sum of all these capabilities in 
one neat, easy-to-open package. 

GPE Controls, a new name for Askania Regulator Com- 
pany, provides a custom-tailored organization offering 
industry the full gamut of process control, svstems for au- 
tomation, computers and data-logging equipment, high- 
performance hydraulics. and mechanical and electronic 
computer components —the industrial services of Askania, 
Librascope, Kearfott, and Link. 





incorporated 


Youll be seeing the GPE Controls nameplate on the most 


exacting control-computer installations —soon and often. 


EXECUTIVE. OPFICES 


240 East Ontario Street, Chicago 11, Illinois 





ATOR 


SION EQUIPMENT CORPORATION 



































incorporated 


(Formerly ASKANIA REGULATOR COMPANY) 


Executive Offices and Midwest Regional Headquarters 


240 East Ontario Street, Chicago 11, Illinois 


Eastern Regional Headquarters and Hydraulics Division 


1500 Main Avenue, Clifton, New Jersey 


Western Regional Headquarters 


40 East Verdugo, Burbank, California 


A subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 


PRECISION ® 





...serving industry through coordinated precision technology 




















Compact - Quiet - Swift 


leplatrol 
FIXED FIELD ELECTRIC CLUTCHES 


In Miniature 
& Small Sizes 


Introduced only a few short 
months ago, Simplatrol Fixed 
Field Electric Clutches have 
found popular application 
wherever space is tight, noise 
is objectionable and perform- 
ance requirements are rigid. 


PATENTED 
DIAPHRAGM ACTION 
Makes the Difference 


No other electric clutch and 
brake can duplicate the pat- 
ented Simplatrol diaphragm 

. the only moving part in 
Simplatrol Fixed Field Clutches. 
Here is a proved advantage 

. offering an absolute mini- 
mum of maintenance. 


Clutch Coupling 


Three styles from 7%" to 3” 
Torque output from 10 oz. 
inches to 100 Ib. inches. Ask for Simplatrol Fixed Field 


Literature 
implatrold 5-010: cor. 
24-8 SALISBURY ST., WORCESTER, MASS.- 
404-8 Representation in Key Industrial Areas 
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Did you know that the manufacturer of almost any stand- 
ard photo-recording oscillograph can supply you with photo- 
sensitive recording charts already printed with amplitude and 
reference lines? 

He can do this because of a new, exclusive process devel- 
oped by the Bristol special chart service for printing to ac- 
curacies of + 0.005 inch through photo-sensitive emulsions. 

If your photo-oscillograph uses charts up to 12 inches 
wide on ultra-violet or tungsten-sensitive positive papers, 
ask your chart supplier about Bristol pre-printed photo 
charts. 

This outstanding new development is just one of the spe- 
cial charts you can get from Bristol. Our chart-printing fa- 
cilities can handle strip charts up to 29 5/8 inches across and 
circular charts up to 12 inches diameter. 

Some of the available papers include: highest quality reg- 
ular chart paper in standard thicknesses; wax-coated, heat- 
sensitive, chemically-coated, electrically-sensitive or pres- 
sure-sensitive papers; papers for metallic marking; foil-type 
jaminates for extreme dimensional stability; card stock; car- 
bon coated (or smoked) papers. Also special punchings or 
printing to any mathematical law. 

Write for complete data on the Bristol special chart print- 
ing service. The Bristol Company, 154 Bristol Road, Water- 
bury 20, Conn. 8.16 
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YOUR POTENTIOMETRIC INSTRUMENTS 


—--—---—-— - -eseenw eww awl 
Wid 
O matter how perfect otherwise, 
the human organism isn’t much good 
without a dependable heart. The same 


is true of your automatic temperature 


and pH control instruments. 


The “heart’’ of most such instruments 
for the past quarter century has been 
the Eplab Standard Cell. It is a “yard- 
stick”’ for translation of voltage to tem- 
perature or pH. The first American 
commercial cell of its type, constantly 
improved by research, it is “as standard 


. 39 
as sterling 


Get ACCURATE temperature or pH 
control with potentiometers and make 


sure the standard cells are EPLAB. 


EPLAB Szaudard CELLS 


FOR POTENTIOMETRIC INSTRUMENTS 
43 Standard as Sterling” 





JEWELS... 


INDUSTRY... 

By MOSER JEWEL COMPANY, 
pioneer industrial jewel 
manufacturer for over 50 years. 


@ HIGHLY POLISHED STEEL 
PIVOTS AND STAFFS 


HARD ALLOY WELDED TIPS 
NON-MAGNETIC STAFFS 
DIAMOND POINTS 


FOR INFORMATION ON HOW 
WE MAY FILL YOUR REQUIREMENTS 


Write to... 


MOSER JEWEL COMPANY 


P.O. Box 150 © Perth Amboy, N. J. 


“Manufacturers of all types of Industrial Jewels” 








The Eppley Laboratory, Inc. 2 Sheffield Ave., Newport, R. 1. 
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New from IT.§. 


Quality Closed Circuit Television Systems 
for Visual Communication in Industry, 
Business and Education. 


Vidicon Cameras 
Compact, rugged e 600 line resolution 
e Clear pictures at 10 ft. candles or 
less e@ Electronically controlled 
automatic light compensation 


Control Units 

Camera and control may be 

located up to 500 feet apart e 
Electronically regulated power supply 


Monitors 


Aluminized picture tube 

e Complete range of screen sizes 
e Polaroid filter glass e Choice 
of cabinet or rack mount 


Write today for data sheets, spec 
ifications and other information! 


& TELEGRAPH COR _ 
ve Sat 
Industrial Products Division 
15191 Bledsoe Street, San Fernando, Calif. e EMpire 7-6161 
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Temperatures from -150°F to 1250°F 
Altitudes to 350,000 feet 


TENNEY OFFERS WIDEST RANGE OF 











ENVIRONMENTAL TEST EQUIPMENT 


Picture a test chamber as large as a 
house; imagine another as small as a type- 
writer; then think of the range of sizes 
between these extremes. Now you have 
an idea of the tremendous size-range of 
environmental chambers that Tenney has 
produced for companies all over the 
world. 





‘4 
SS, 2 ENGINEERING, INC. 
1090 SPRINGFIELD ROAD, UNION, N. J. 


_ Menney 


WORLD LEADER IN ENVIRONMENTAL TEST EQUIPMENT 


The range of uses is just as wide! Altitude, 
temperature, humidity, alone or in com- 
binations, as well as explosion, sand, dust, 
fog and any other possible environment, 
can and have been accurately simulated 
in Tenney chambers. No wonder Tenney 
produces more chambers than any other 
company in the field! 


Write for a descriptive catalog and complete 
information on Tenney’s research and development, 
engineering consultation, and design services. 


PLANTS: UNION, N. J. AND BALTIMORE, MD. 


For more information circle 35 o 
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; 4 DISCHARGE 
i PORT 
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No oil filters. 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 

No valves, pistons, or vanes. 
Non-pulsating pressure. 
Original performance constant 


y" 


Here 62 Why! 


You can dispense with oil filters and dust filters when 
you install °Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding over a long pump life. 
vanes, or other enemies of long life and constant perform- 
ance complicate a Nash. No aftercoolers are needed. You Low maintenance cost. 
will find it profitable to investigate these pumps, now. SiH UUUL UU TUSSLE LHL 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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SYVERSON 


When the target is space and a million dollars’ worth of missile rests idly on 
the ground—not even a long countdown helps. In a showdown situation, the 
successful shoot depends on the ‘‘go, no-go’’ type of test that pinpoints the trouble. 


NEXT TIME...LOOK TO INET 
FOR PRECISE GROUND POWER 


This INET 400-ceycle ground power unit was 
tailor-made for the Atlas. In meeting all 
of Convair’s specifications for pre-flight 
calibration of electrical systems, the 
unit operates in parallel with the missile’s 
power system and provides remote control 
regulation. Frequency regulation is +0.2%. 
With shock load equal to a third of rated 
output, frequency recovers to +0.2% in 
0.15 seconds. Voltage regulation is 
+0.5% with recovery time at 0.30 seconds. 

Missile men desiring a special reprint 

of the above cartoon should write to 


‘‘Count-down’’, 
c/o Inet Division of Leach. 


INET DIVISION a CORPORATION 


18485 SUSANA ROAD, COMPTON, CALIFORNIA 
DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA 
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| Weather-proof construction 


stymies erosion 





and corrosion 


Complete protection against erosion and corrosion 
is built into American Bi-Metal Thermometers, so 
you can always be sure of accurate temperature 


measurement. Both case and bezel are stainless 





steel, precisely fitted and gasketed to insure snug 
mating. Whatever the weather, rain, sand, dust, 
dirt, fumes and frost are sealed out by a heat-resist- 
ant gasket between case and thick cover glass. 


The stem of the American Bi-Metal Thermome- 





ter is mirror-smooth stainless steel. All joints are 
solidly welded. Top resistance to corrosion is 
teamed with strength, rigidity and tight closure 
against process pressures. 

Weather-proof American Bi-Metal Thermome- 
ters are noted for high sustained accuracy and long 
service life. There are mounting styles, dial sizes, 
temperature ranges and stem lengths to meet your 
needs exactly. Ask your industrial supply distribu- 


tor for help in proper selection. 








American Bi-Metal Thermometer 
with weather-proof stainless 
steel construction. 





mm AMERICAN INDUSTRIAL THERMOMETERS 


A product of 
M 


MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division + Stratford, Connecticut 
In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


For more information circle 37 on inquiry card. 
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Unique research too/... 


The Ubiquitous Strain Gage 


Small size, high accuracy, and amazing versatility have 
made the SR-4* strain gage an indispensable tool wher- 
ever strain measurements are made. For over 15 years 
this tiny, precision-made bit of paper and metal has 
been doing a job that nothing else could do. 


Data provided by strain gages made possible the lighter, 
high-strength structural members needed for modern 
aircraft. They have permitted a close, detailed analysis 
of wing stresses, propeller vibration, landing gear shock, 
and many other critical ,actors in aerodynamic design. 


Strain gages have played a major role in developing 
today’s compact, high-powered automobile engine, 


BALDWIN - LIMA: HAMILTON 


Blectronics & Instrumentation Division 


Waltham, Mass. 


probing its innermost parts and relaying the story of 
dynamic stress. They have been used in the structural 
analysis of buildings, bridges, dams, ships, auto bodies, 
industrial machinery, and an almost endless list of fabri- 
cated parts and structures—even artificial limbs. 


Capable of measuring static, dynamic or impact strains 
under widely divergent ambient conditions, SR-4 strain 
gages give free rein to the skills and imagination of the 
scientist, engineer or technician who uses them. A 
wealth of strain gage data is available. Write to the 
address below, Dept. 7-J, and ask for Bulletin 4315. 
Or let us have a B-L-H man call on you. 


FIRST in force measurement 


| 
lf 
IK BL 


SR-4" Strain Gages * Transducers * Testing Machines 


Ear e informat: 


n circle 38 on inquiry card. 
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Visicorder Record —% actual size 


These welder phase-shift heat-control patterns were 
directly recorded with a Honeywell 906 Visicorder at 
Bristol Aircraft (Western) Limited in Winnipeg. 

Since the welding heat generated is proportional to 
the square of the current value, phase shift must be accu- 
rately controlled in order to determine the heat value. 
If the phase shift dial is not accurately calibrated, the 
result is too much or too little heat, and a poor weld. 

In this application, the Visicorder is an essential 
guide to accurate calibration, since ink-type recorders 
do not cover the sensitivities and frequencies needed and 
an oscilloscope would present a continually changing 
pattern since most recording periods are less than 10 
cycles. The directly-recorded Visicorder patterns allow 
a convenient study of the exact time when the current 
wave form was being cut off. 

Here is the circuit used in this test. 


Input Circuit for Oscillogram of D. C. Welding Current 
Lower Arm R 
of Welder series 


Welder Arm To V450-55B 
Calibrated 2.16 x 10° Galvo & shunt 
Ohms between L ., (Ne amplification!) 


Connections “ > 





Medel 906A Vistcorder 
pictured with 
Record Takeup and 


Latensifier Unit. 


The Honeywell Visicorder is the first high-fre- 
quency, high-sensitivity direct recording oscillo- 
graph. In laboratories and in the field everywhere, 
instantly-readable Visicorder records are pointing 
the way to new advances in product design, 
rocketry, computing, control, nucleonics ...inany 
field where high speed variables are under study. 

The new Model 906A Visicorder, now avail- 
able in 8- and 14-channel models, produces 
longitudinal grid lines simultaneously with the 
dynamic traces, time lines, and trace identification 
by means of new Accessory units. 

To record high frequency variables—and moni- 
tor them as they are recorded—use the Visicorder 
Oscillograph. Call your nearest Minneapolis- 
Honeywell Industrial Sales Office for a demon- 
stration. 


Honeywell 


Reference Data: Write for Visicorder Bulletin 
Minneapolis Honeywell Regulator Co., Industrial Products Group, Heiland Division, 5200 FE. Evans Avenue, Denve 
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STARTING IN NOVEMBER ... 


Instruments & Automation will begin publication of outstanding papers 
presented at the technical sessions of the 
Fourth International Automation Exposition and Congress. 


Here are some of the titles scheduled for early appearance: 


Status of Automatic Control in West Germany 
Soviet Trends in Computers for Control... 
Effective Selection of Measurements for Process Control 
Engineering Aspects of Data Acquisition 
Evaluating Proposed Investments in Automation 
Making Automation Work 
. . and many, many others. 


SUBSCRIBE NOW! 


enter my subscription to Instruments and Automation for 

Keep ahead [] 1 year at $4.; (] 3 years at $9.; [) 5 years at $10. 
These rates apply to U. S. & Canada only 

of the latest developments in 


AUTOMATION 
INSTRUMENTATION 


Read, regularly, the one magazine 

that brings you al/ the new prod- Company Name 

ucts, all the new literature, a// the 

latest instrumentation data . . Co. Address (STREET) 
all in one magazine that brings 

you 3000 educational pages a oo oie ee 
year—Instruments & Automation. 








IMPORTANT: fill in COMPLETELY 














Name........... 














Principal Product 
Use This Subscription Card % of Your Plant 


’ 
Reader s Inquiry Card ¢ This card good ONLY in U. S. and Canada. Please PRINT—You Must give INSTRUMENTS 
Company Name and Products, as well as your name, title and address. and AUTOMATION 


OCTOBER ’58 


ice icin cai cians | kcasiasar 
developments reported in adver- NN ones coasts sss sessed ama op eee Good until 1-1-59 











tisements, or New Products or New Company Address 
Principal Product of Your Plant ................. 


on —_ bea : (1 Check for address change show OLD address here: .................. 
which appears with the ad or 
write-up. If the card has already 
been used, mark the number on a 
postal card (including month of 
issue) and send to us. When indi- 
cating change of address, kindly 
note old address. Please allow 4 
to 6 weeks for changes. 








Advertised Products Products Reported Editorially 
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JUST OFF-STAGE 


awaiting their cue, dozens of other noteworthy features are set for early appearance 
in Instruments & Automation. Among them .. .Special Surveys on 
Delay Lines . . . Mathematical Tools . . . Process Circuits . . . plus first-line articles on. . . 


vx Computation of Orifice Meter 
Gas Coefficients 


vx Characteristics of Proportional- 
Speed Floating Action 


xv Instrumentation of Second and 


Third US-IGY Satellites 


tx Dynamic Response of Remote 
Pressure Pickups 


vy Wanted: Inventions 





FIRST CLASS 
PERMIT Mo. 1441 
PITTSBURGH, PA. 











BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 
i 








POSTAGE WILL BE PAID BY— 


INSTRUMENTS and AUTOMATION 
(Instruments Publishing Co., Inc.) 


845 Ridge Avenue 
Pittsburgh 12, Pa. 





FIRST CLASS 
PERMIT Wo. 1441 
PITTSBURGH, PA, 








BUSINESS REPLY MAIL | 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES | 





POSTAGE WILL BE PAID BY— 


INSTRUMENTS and AUTOMATION 
(Instruments Publishing Co., Inc.) 


845 Ridge Avenue 
Pittsburgh 12, Pe. 


vx Mass Spectrometry in Science and 


Industry 


vx Industrial-Instrument-Manu- 


facturers' Schools 


xx Life in Extreme Environments 


Fault Detection for Analog Com- 
puters 


. and many others 


USE THIS 
CARD TO 
SUBSCRIBE 
NOW ... to 





< 
INSTRUMENTS & AUTOMATION 


—for 30 years the world’s leading 
mayazine of measurement and control. 


In one year | & A not only brings you 
more than 3000 pages of instrumentation 
and control data, BUT also the annual }& A 
Handbook & Buyers’ Guide, which lists all 
instrument, automatic control, and allied de- 
vices manufactured by ALL companies [over 
3000) in the field. (It's the only buying 
directory listing only such products. It's 
available only to | & A subscribers, os 
part 2 of the October issue... IT WIL! 
NOT BE SOLD SEPARATELY.) 


The regular subscription price is 


$4.00. BUT: 


On two or more new subscriptions or 
renewals sent together on one order 
the rates will be reduced as follows: 


2 separate one-year 
subscriptions ........_.......$ 6.00 


3 separate one-year 
subscriptions .................... 7.50 


4 separate one-year 
subscriptions a 


5 separate one-year 
subscriptions 10.00 


Multiple-year rates are listed on the other side 


Offer good only in U. S. and Canada. 


For rates to other countries see page 1599. 





revolutionary pressure reducing valve with mechanical pilot out of steam path 


ELIMINATES MAINTENANCE 





CAPACITY REGULATION TEST CURVES — 


LEADING LOW STEAM PRESSURE REDUCING VALVES 





YS 


| size OF ALL VALVES — - Bas 





1 INLET PRESSURE 100 PSI 
SET POINT = "0 PS! 





REDUCED PRESSURE-PS| 
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Now...amechanical pilot operated reducing valve with 
direct operated simplicity and steam pilot accuracy... 
proven in comparative tests with other leading regulators 
a new concept in maintenance-free steam pressure reduc- 


tion . . . the | Estif-]QPPER 


Inlet pressures from 7 to 2 
ranges from 2 to 35 psi. 
Sizes 14”, 34”, 1", 1} 14", and 2”. 

Piloting device entirely outside the path of steam. 
No dirt catching or close fitting parts — Use it for 
intermittent, continuous or standby service with com- 
plete confidence. 

Packless construction. 

Long life, long travel, metal diaphragm. 
Single-seated stainless steel main valve, hardened to 
500 Brinell, seats on renewable stellited stainless steel 
seat ring for tight shutoff. 

No auxiliary operating air required. 


50 psi — reduced pressure 


| | 
100 200 300 400 500 600 700 800 900 1000 1100 1200 


FLOW- POUNDS PER HOUR 


Comparative tests show the Leslie-Topper to have the 
least droop characteristics of any leading steam heating 

regulators available to heating engineers. Another per- 
formance leader in the 58 year Leslie tradition of quality. 


All of this adds up to new reliability, freedom from 
maintenance and shutdown time. All of these extra qual- 
ity features are available at less initial cost than any 
steam pilot or direct operated regulator you would en- 
dorse with your specification. 


Eliminate your steam heat reducing valve problems this 
year, this heating season; write now for all the facts, 
including complete capacity-regulation data — or phone 
your Leslie representative. You'll find him listed in your 
classified directory. 


REGULATORS and CONTROLLERS 


LESLIE CO., 299 Grant Avenue, 
Lyndhurst, New Jersey 
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SECU CPZ VU & From Pilot Plant to Process 


“BANTAM” 500 SERIES 
VALVE 


Throttling Bantam Dia- 
phram Control Valves for all 
standard control valve uses, Cv 
of 0.6 and below, up to 1000 
psi and 500°F, characterized, 
renewable trim, 316 stainless 
steel and Teflon only wetted 
surfaces, low in hysteresis size low cost. For services 
and weight, 2000 series ‘‘Ban up to 750 psi and 
tam’ Control Valves available 500°F, screw, toggle 
for on-off service. diaphragm oper- 
ated, the “‘DEMI”’ line 
is ideal for panel 
mounting up to five 
valves in one block. 


> 


“DEMI” PACKLESS 
VALVE 


For services when 
packing is a problem, 
manifoldirng of small 
valves in one unit at 


“MITE” 70 


Pneumatic signal monitor. Embodies safety 
trip-out with manual or remote pneumatic 
reset. 250 PS! maximum pressure with trip 
adjustment for lock-up or vent from 1 to 100 
PSI. Standard materials blue anodized alumi- 
num. Other materials and models with integral 
two or three-way valves available. 


_> 


“DEMI 54” 
CONSTANT VOLUME 


5 Valve Manifold 
for integral mount- 
ing on cleanout type 
Manometer. Pack- 
less design, 2 shut 
off valves, one by- 
pass valve, 2 vent 
valves. Other 3 or 
5 valve models avail 
able with or without 
special manometer 
mounting. 


BLOCK VENT VALVE 


3 balanced valves, 2 
reverse acting and i- 
rect acting, actuated by 
one operator. With 0 to 
3 psi control air, the 2 
reverse acting valves are 
closed, center valve vent- 
ed. At 6 psi control air, 
all valves closed. At 12 
to 15 psi, the 2 reverse 
acting valves are open 
and the vent valve is 
closed, allowing free 
flow through body.Design 
pressure 1800 psi. Teflon, 
Chevron packing. Teflon 


WHIFFLETREE 
OPERATOR 


Two valves oper- 
ated simultoneously 
by one operator. 
Valves may be globe 
or three-way and 
have ao multitude of 
piping arrangements 
or mixing and rout- 
ing applications. 


MANUAL 
RESET 


Wherever con- 
trol air on danger- 
out or toxic proc- 
ess flows must be 
blocked for safety, 
on air failure until 
manually” reset, 
these valves insure 
against disaster. 
Standard sizes 4" 
and V2" 1.P.S 





AIR OPERATED 
CONTROL VALVE 


Miniature diaphragm oper- 
ated control valve. Barstock 
construction with bolted 
bonnet and blindhead. Con- 
nections from V4" to 1” 
NPT. Cv. from .001 to 10.0. 
Direct or reverse acting 
operators for control ap- 
plications. Extension bon- 
nets for extreme tempera- 
tures available. 


DIAPHRAGM OPERATED 3-WAY -_ 
CONTROL VALVE 


Aluminum diaphragm operator, stainless steel 
body and trim, Teflon packing with Teflon seating 
for tight shut off. Available up to 2”, flanged or 


REGULATOR 


Fully automatic regula- 
tion provides constant 
volume output of gas 
or air regardless of fluc- 
tuating pressure drop. 
Capacity contro! by 
micrometer adjustment 
assures accuracy of de- 
sired output volume 
from 5.0 to 180 SCFH 
at pressure differentials 
from 1 to 25 PSI. Brass 
Body. 


as 


THROTTLING 
CONTROL VALVES 
WITH TOP 
MOUNTED MOORE 
POSITIONER 


Compact, accurate and 
rugged. Light weight. 
Sizes from VY" to 1” 
NPT. Flanged connec- 
tions available. Bar- 
stock bolted bonnet, 
blindhead and body. 
Cv. from .001 to 10.0 
— pressures to 1000 
1. 


MINIMUM VOLUME MANIFOLD 


A compact manifold consisting of five pack- 
less valves having .0006 cubic inches vol- 
umetric displacement. Can be cam actuated 
for programming applications. Soldered, 
welded, tubing or NPT connections with 
applicable materials of manufacture for 
high temperature and high pressure service, 


GEORGE W. DAHL COMPANY, INC. 86 rurcio street, Bristol, R. 1. 


rcle 41 on inquiry card. 


seating for tight shut off. screwed. 





REPRESENTATIVES IN PRINCIPAL CITIES 
Write us for complete technical information, or 
for the address of our representative in your area. 











or more 
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BOOK 
Reviews 





Logical Design of Digital Com- 
puters, by Montgomery Phister, Jr. 
(¢1958.] John Wiley & Sons. New 
York 16, N.Y. 408p. $10.50 914, in. 
Describes techniques rather than the 
computers themselves. Using svn- 
chronous circuit components almost 
entirely. the author interprets the 
methods and techniques of various 
workers in this field. and applies them 
to a wide variety of problems in the 
design of computers. Provides the in- 
formation necessary for complete de- 
sign of general or special-purpose 
computers, 


Automatisme Régulation Auto- 
matique Servoméchanismes, by 
\V. Broida. Dunod. Paris. France. 
1957.) 308 p. 616” x 954’. French 
book for readers out of school for 
many years, interested in the exact 
mathematical and logical background 
but essentially unable to handle high- 
er math. and those who are not elec- 
tronic experts. Frequency response is 


explained starting from transient re- 
sponse (and not vice versa) in an 
effort to convey better understanding 
of servomechanisms. 


Feedback Control Systems, by 
Otto J. M. Smith. [1958.] MeGraw- 
Hill Book Co., New York 36, N. Y. 
694 p. $13.50. 6” x 9”. Presents a 
unified philosophy for the analysis 
and design of feedback systems. In- 
tended for first year of graduate 
study as textbook for readers with a 
previous course in control systems o1 
feedback systems. 


Transistor Manual, Id. 3. [¢1958./ 
General Electric Co.. Semi-conductor 
Products, Syracuse. \. Y.. 168° p. 
514” x B14”. paperbound $1. Almost 
three times size of first edition. 104- 
page application portion contains in- 
fo from simple radio to non-saturated 
flip-lop circuits. Also treated are 
tetrode transistors. unijunction tran- 
sistors, and controlled rectifiers and 
their functions. 


Principles of Electrical Measure- 
ments, by H. Buckingham and F. M. 
Price (1957. Philosophical Library. 
New York 16, N.Y. 600 p. $15. 83,” 
sritish book intended for both the 
advanced student and the professional 
engineer. Methods of measurement 
are grouped according to the prin- 
ciples involved. 


Tracer Applications for the 
Study of Organic Reactors, by 
John G. Burr, Jr. 1957. Interscience 
Publishers, New York 1, N. Y. 291p. 
$7.50. 914 in. Attempts to relate the 
examples of the use of isotopes to the 
principles of chemical research, and 
to indicate what types of problems 
can be best handled by tracer tech- 
niques. Applications are arranged ac- 
cording to reaction classifications 
most familiar to the organic chemist. 


Handbook of Calculus, Differ- 
ence and Differential Equations, 
by Edward J. Cogan and Robert Z. 
Norman, Prentice-Hall, Inc., Engle- 
wood Cliffs, N. J. (1958.] 263 p + 
XII. $6. Has excellent diagrams and 
print and contains large table section 
of natural trigonometric functions, 
common logs of numbers and trigo- 
nometric functions, also exponential 
and hyperbolic functions. Intended as 
supplement to a textbook, it features 
tables for the solution of differential 
equations, 


How to Read Schematie Dia- 
grams, by David Mark. [c1957.] 
John F. Rider. New York 11. N. Y. 
147 p., unbound. $3.50. 814 in. In- 
tended to teach the untrained reader 
to interpret symbols and_ notations 
in pictorial and schematic electrical 
and electronic diagrams. 





4 : van 


calibrated AC /DC : 


signal source 


0 to 10 volts... 


cle 


® Continuously adjustable. over entire 
® Output read: directly on front panel 
® Self-contained DC source ne 


SOUTHWESTERN INDUSTRIAL ELECTRONICS COMPANY 


A Division of Dresser Industries, Inc. 


2831 Post Oak Road e« 


For more information circle 42 on inquiry card. 
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Still More News from VEEDER-ROOT 


NE W Quick-Reset, High Speed 


ceared REVOLUTION COUNTER 


Length — 5” 

Width — 254” 

Here’s a new geared revolution counter — 

designed for general purpose work where high speed 

and quick reset geared revolution counters are re- 

quired. It will accept speeds up to 6000 rpm or 8000 

cpm. Can Count On 
One flick of the lever (through 60° arc) will reset 

the counter to all zeros. A new modern case design and 

extra big numbers (.227 in. high) provide excellent 


= 
visibility at extremely wide angles. The counter is Ve e ( df Root 


ideal for in-line reading. saeidceliaiaiiaiate 
Where dependability is desired together with the Hartford 2, Connecticut 


iti j Hartford, Conn. * Greenville, S.C. © Alt , Pa. 
added feature of positive subtraction, the new Model "Gas + ra ae 
1523 revolution counter offers exceptional possibili- San Francisco * Montreal 


. . . ° : Offices and Agents in Principal Cities 
ties. Write now for prices and specifications. ® 


Everyone 
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there’s unequalled 
value in this 
newly designed 
Series... 


os” MIT 


All the features of the famous Weston strip-chart instruments 
are available in this new line of potentiometer and Wheatstone 
Bridge recorders and recorder-controllers. And there’s a bonus 
in readability and easy maintenance. The basic recorder designs 
(Models 6801 & 6821) show their versatility in adapting to either 
pneumatic (6836 & 6856) or electric (6833 & 6853) control—ot 
the 2-position, proportioning, or differential-gap varieties. 

Here are some of the other dividends unitization brings you 
in this great new series: ’ 
EASIEST MAINTENANCE... revolutionary D-Pak Constant Volt- 
age Supply Units eliminate batteries, standard cells and stand- 
ardizing mechanisms in potentiometers. Wheatstone Bridges are 
equipped with Battery Eliminators. Every component is easily 
accessible; there’s no jungle of wires to hamper inspection and 
servicing. 
READABILITY . . . 12-inch charts, with full-scale pen travel of 
45% inches. 320° concentric indicating scales are 33% inches 
long. Universal mounting permits use in the most advantageous 
locations. 


A DAYSTROM UNIT 


lw 





DAYSTROM-WESTON 
CIRCULAR-CHART 
RECORDERS CONTROLLERS 










INTERCHANGEABLE PARTS . . . exclusive universal range stand- 
ards can be changed in seconds. A single slide-wire and amplifier 
will serve any WESTON recording potentiometer. This means 
lowest spare-parts inventories. 

For more complete information, call your local WESTON 
representative .. . or write to Weston Instruments, Division of 
Daystrom, Inc., Newark 12, N. J. /n Canada: Daystrom Ltd., 
840 Caledonia Rd., Toronto 10, Ont. Export: Daystrom Int., 
100 Empire St., Newark 12, N. J. 





* UNITIZATION: 


the grouping of related components—in 
Daystrom-Weston Instruments—in the simplest, 


most serviceable, most efficient manner. 














DAYSTROM-WESTON 
, Chudludtteial ar UCCKAL.. 















All ways 
at your 
service 


eseeeeeceeeseceesee ese eeseeee eee eeeeee eee 


Honeywell Quality Control Valves 


are backed by complete field engineering and application services 


Field Engineering— Your local Honeywell field valves are available in literally thousands of 
engineer— working out of one of more than different combinations to meet specific ap- 
100 branch offices throughout the United plication needs. 
States—is as near as your phone and ready 
to serve you. 


Performance—"'On-stream”’ service is assured 
when you use Honeywell quality control 
Application Assistance—Honeywell field men valves. 
are backed by a highly skilled team of appli- 
cation engineers well versed in process 
control valve applications. 


Next time you need control valves ... why not do 

as others are doing. Call your local Honeywell 

field engineer . . . he’s all ways at your service. 

Quality Product— Finest construction . . . wide MINNEAPOLIS-HONEYWELL, Fort Washington, 
range of sizes . .. Honeywell quality control Pennsylvania. 


Honeywell 
i Fiat we Coitiol 
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October 27-28 


Radio Fall Meeting of the Electronic 
Industries Association, Sheraton 
Hotel, Rochester, N. Y. For informa- 
tion contact the EIA office, 11 West 
42nd St., N. Y. 36, N. Y 


October 27-29 


East Coast Aeronautical and Naval 
Electronics Conference, Lord Balti- 
more Hotel & 7th Reg. Armory, Bal- 
timore, Md. For information write 
R. L. Pigeon, Westinghouse Fleet 
Corp., Air Arm. Div., P.O. Box 746, 
Baltimore, Md. 


October 29-30 


Fifth Annual Computer Applications 
Symposium sponsored by Armour Re- 
search Foundation, Morrison Hotel, 
Chicago, Ill. For information write 
F. C. Bock, Armour Research Foun- 
dation of Illinois Institute of Technol- 
ogy, Technology Center, 10 West 35th 
St., Chicago 16, II. 


October 30-31 


Fourth Electronic Business Systems 
Conference sponsored by the West- 
ern Division, National Machine Ac- 
countants Assoc., Olympic Hotel, 
Seattle, Wash. For information write 
Jack Armstrong, P. O. Box 134, 
Seattle 11, Wash. 


October 30-31 


1958 Electron Devices Meeting, Me- 
chanics Bldg., Boston, Mass. For in- 
formation write C. J. Lahanas, Gen- 
eral Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. 


November 3-7 


The American University’s Fifth In- 
stitute on Electronics in Management, 
Washington, D. C. For information 
write Ruth Barker, The American 
University, Massachusetts & Nebras- 
ka Aves. N. W., Washington 16, D.C. 


November 5-7 


Society for Applied Spectroscopy An- 
nual Meeting and Instrument Exposi- 
tion and Joint Meeting with ASTM 
Committee E-13 On Absorption Spec- 
troscopy, Hotel New Yorker, New 
York City, N. Y. For information 
write Paul Lublin, Sylvania Electric 
Products Ine., Bayside, L.I., N. Y. 


November 6-7 


Seventh Annual Instrumentation 
Conference, on campus of Louisiana 
Polytechnic Institute. For informa- 
tion write Stewart Baggarly, Louisi- 
ana Polytechnic Institute, Dept. of 
Mech. Engineering, Ruston, Louisi- 
ana, 


0.01% 


only with EP SCO 
aon Sew Weg = 
TeX ty, {og 





e 0.005% stability 


e1.0 Microvolt 
resolution down 


to zero volts 





) 111.112 volts 


d-c range 


e Out-perform any other voltage reference source onthe market « con- 
tain highest quality components: certified standard cells, oil-immersed 
ultra-stable resistors, high-gain chopper-stabilized amplifiers « being used 
in the most demanding and critical applications across the country, such 
as at Convair Astronautics, North American Aviation, Argonne National 
Laboratory, Massachusetts Institute of Technology, Bell Telephone Lab- 
oratories, Goodyear Rubber, Patrick Air Force Base. 


Want the full story? Write today for new technical brochure, covering 
circuit design details, specifications, operating instructions. 


_ First in data control 


Epsco, Incorporated, Equipment Division, 588 Commonwealth Ave., Boston 15, Mass. 
In the West: Epsco-West, 125 E. Orangethorpe Ave., Anaheim, California 


For more information circle 45 on inquiry card. 
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Servo Motors For 


Transistorized Operations 


—65°C to + 125°C temperature range. 


SIZE 1 SIZE 11 | ~ SIZE 15 SIZE 18 


8-5001-00 |  10-5052-00 11-5101-00 15.5153-00 | 18-5201-00 | 


6500 
4000 
0015. 


0.025 


45000 | 





54 to +125 
L6v 26v 36 10v 40v 





Cont C yn Cont. 


Size 10 

















te hee ROR eR a = 


14 
Synchro rchro Synchro Synchro 


| aa ae | 


Plain Plain 


437 40 





1.062 1 437 


Terminals | formal | ¢: 
Size 18 





Terminals Terminals 











*For 40v connection 7. id a . on me ‘ os 
This complete line can be varied by Oster specialists to your precise requirement. Write 
today for further information, enclosing detailed data on your needs. 


Other products include motor- 

gear-trains, synchros, AC drive MANUFACTURING COMPANY 

motors, DC motors, servo mech- Your Rotating Equipment Specialist 

anism assemblies, motor tachs, Avionic Division 

servo torque units, reference and Racine, Wisconsin 

tachometer generators, actuators, 

motor driven blower and fan at? i : 

; 7 Engineers For Advanced Projects: 

assemblies and fast response re- ; ; a é ANS F 

solvers. Interesting, varied work on designing transistor circuits and servo mechanisms. 
Contact Mr. Zelazo, Director of Research, in confidence. 


BURTON BROWNE ADVERTISING 
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You are seeing iron dust clinging to signals recorded on 
magnetic tape. There can be 3200 extremely reliable binary 
bits on one square inch—or analog control information simi- 
larly compact. In the compacting of automatic control data, 
magnetic tape is supreme — second only to nature’s remark- 
able chromosome. Nature makes people, dogs, cats and 
monkeys. Magnetic tape recorders make, for example, ma- 
chined parts—their shapes the most complex and precise 
that have ever been produced in quantity. It is done by nu- 
merical control. The principles involved are very widely 
applicable to all kinds of control applications. Three main 
criteria determine where magnetic tape is vour best choice. 


Criteria No.7: QUANTITY OF CONTROL DATA 


Any automatic control operation that can benefit from 
very large numbers of time-synchronized commands is a 
natural candidate for magnetic tape. For example, contin- 
uous-path control of a milling cutter may require X, Y and 
Z coordinates at several hundred points per inch of tool 
movement. The more points, the greater the accuracy. A reel 
of magnetic tape can define millions of points at extreme ‘ly 
low unit cost. 

Continuous real-time control of variables is applicable to 
process programming, simulation devices, automatic inspec- 


tion and electronic-system checkout — provided there is need 


for great accuracy in a complex situation. The program tapes 
may incorporate the work of giant computers and intricate 
interpolating devices. A great advantage of magnetic tape is 
that the computer and interpolator are used only during tape 
preparation, hence may be shared with many other needs. 


AMPEX 


Phone your Ampex data specialist for personal attention to your ording n 






F 


When to use magnetic tape in automatic control 


Iron dust and a magnifying glass provide a revealing visual comparison 


INSTRUMENTATION DIVISION +- 860 


CHARTER 





NINGIN =e ale 
, TAPE 
BN -)-)mer-aalel ni 


AMPEX 


CORPORATION 
£50 











Criteria No.2: HIGH TRANSFER RATE 

The Ampex FR-300 digital tape handler can spew out 
alpha-numeric characters at rates as high as 30,000 to 90,- 
000 per second. A short burst of digital information equiva- 
lent to.a standard punched card can be extracted from mag- 
netic tape under 4 milliseconds — including start and stop. 

On analog position-control data, magnetic tape can pro- 
vide many hundreds of complete commands per second — 
200 per second in one example and up to eight times this 
many if needed. 

On control-system monitoring, a recording of as much as 
two hours duration can be played back in one minute for 
review by high-speed computers. Ampex tape recorders with 
overall speed ratios as high as 120-to-1 are available. 


Criteria No.3: ERASURE AND RE-RECORDING 

Magnetic tape can be erased to accept new data an end- 
less number of times. Hence tape-loop recorders can operate 
on a repetitive cycle of recording, reproduction, erasure and 
re-recording to serve as time-delay devices or endless moni- 
tors. Such a loop can be the analog equivalent of a produc- 
tion line, conveyor belt or process flow. The loop keeps in 
step, accepts sensing information at one place and then trig- 
gers commands at some fixed time downstream. Or as a 
calamity monitoring device, the tape loop stores information 
briefly and erases it to make w ay for new data if nothing 
has occurred. 

Can we advise you on a specific application of magnetic- 
tape control or send further literature on magnetic-tape re- 
corder principles and applications? Write Dept. BB-19. 











STREET «© REDWOOD CITY, CALIFORNIA 


serve U.S.A. and Canada. Engineering representatives cover the free world, 





e 36 on in 
























For only $250— 


A More Accurate 


HIGH-SPEED MILLIVOLT 


RECORDER 


This highly sensitive ‘American-Microsen’ Series 130 
Recorder, with all its operational advantages, costs less 
than others designed for the same jobs. Simple design, 
precision components and rugged construction assure 
sustained high accuracy and freedom from mainte- 
nance. The recorder withstands shock up to 30 times 
gravity. 


Since its introduction less than a year ago, the Series 
130 Recorder has been very successful because it offers 
a more accurate and durable method of recording dc 
electrical signals at lower cost. It is being used to record 
outputs of many different electrical transducers — for 


MILLIVOLTMETER RECORDER 
PERFORMS 6 FUNCTIONS 


Measures low-level de signals with calibra- 
tion accuracy within 0.59%, and sensitivity 
within 0.2% of span. 


Records on 3” continuous strip chart or 
IBM-type card chart, with linear coor- 
dinates. 


Positions recording pen with force many 
thousand times greater than usual direect- 
deflection electrical movements. 


Operates on foree-balance principle— 
compensates for ambient conditions, 
changes in power supply and components. 


Records fast—up to 0.05 seeonds for 63% 
of fullseale changes. 


Provides span and zero adjustments for 
easy calibration and zero suppression in 
the field, without special equipment. 


measurement of such variables as pH, gas analysis, 
signal strength and others. 

Many laboratories have adapted the Series 130 Re- 
corder to their analytical! and scientific instruments to 
assure accurate, permanent records of results which 
previously were only indicated. The Recorder can be 
used with any device which can provide 200 micro- 
amperes or more in its output circuit. 

Standard ‘American-Microsen’ Series 130 Recorders 
are priced at $250.00. All models have ample power to 
operate alarm contacts which can be supplied at extra 
cost. Write for Bulletin MG10. 


SPECIFICATION BRIEFS 


POWER SUPPLY: 115 volts, 60 cycles. POWER REQUIREMENT: 9 watts 


INPUT RANGES: Voltage — 0-20 millivolts to 0-100 volts dc. Current 
0-200 microamperes to 0-100 milliamperes dc. Input Sensitivity — 6700 
ohms per volts 


ACCURACY: + 0.5% of span. SENSITIVITY: + 0.2% 
REPEATABILITY: + 0.25% of span. 
EFFECT OF SUPPLY VOLTAGE: Less than 0.5% error 90-130 volts. 


EFFECT OF AMBIENT TEMPERATURE: Less than 0.5% error 50° to 100° F 
and less than 1% to 130° F 


of span 


MAXWELL 


M 


TRADE MARK 


MANNING 
‘INIZYOON 9 
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RESPONSE TIME: Fast Speed - 0.2 seconds standard for 63% of fullscate 
input change; up to 0.05 seconds for 63% on special order. Slow Speed 
approximately 4 times fast speed setting 


CHART SPEEDS: Strip Chart — 1” per hr., standard; 3” or 6” per hr. avail- 
able. Card Chart — 1 rotation per day, standard 


SPAN ADJUSTMENT: 10% of span. ZERO ADJUSTMENT: 
span 


PANEL SPACE REQUIRED: Only 27 square inches 


+ 100% of 


. 


MANNING, MAXWELL & MOORE, INC. 
INDUSTRIAL CONTROLS DIVISION - DANBURY, CONNECTICUT 


MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC INSTRUMENTS FOR MEASUREMENT, TRANSMISSION AND CONTROL 
nformat e 48 on inquiry card. 





EVENTS—contINueD 





November 6-7 

Professional Group on Nuclear Sci- 
ence, Institute of Radio Engineers, 
Villa Hotel, San Mateo, Calif. For 
information write Mr. H. Malcolm 
Ogle, Mgr. General Electric’s Atomic 
Power Equipment Dept., San Jose, 
Calif. 


November 17-20 


Conference on Magnetism and Mag- 
netic Materials Sheraton Hotel, Phila., 
Pa. For information write John Leslie 
Whitlock Assoc., 6044 9th St., N., 
Arlington 5, Va. 


November 19-21 


Eleventh Annual Conference on Elec 
trical Techniques in Medicine and 
Biology, Minneapolis, Minnesota. For 
information write Dr. Otto H. 
Schmitt, University of Minnesota, 
Minneapolis, Minnesota. 


November 19-20 


Northeast Electronics Research and 
Engineering Meeting, Mechanics Hall, 
Boston, Mass. 


November 24-30, 1958 


International Measurements Confer- 
ence, Budapest, Hungary. For fur- 
ther information write Dr. Gyorgy 
Striker, General Secretary, P. O. B. 
3, Budapest 5, Hungary. 


November 28-December 4 

Electronic Computer Exhibition (¢in- 
cluding Data-Processing Equipment), 
Olympia, London. For information 
write S. S. Elliott, 11/13 Dowgate 
Hill, London, E. C. 4, England. 


December 2-4 
Third EIA Conference on Reliable 
Electrical Connections, Dallas, Texas. 
For information write W. O. Rict 
ards, 224 Cedar St., Syracuse 3, N.Y 


December 3-5 


Eighth Annual Eastern Joint Com- 
puter Conference and Exhibition, 
Bellevue-Stratford Hotel, Phila- 
delphia, Penna. For information 
write John L. Whitlock, 6044 Ninth 
St., North, Arlington 5, Virginia. 


December 3-5 


Second National Symposium on Glo- 
bal Communications co-sponsored by 
the Professional Group on Communi- 
cations Systems of IRE and AIEE 
Communications Div., Colonial Inn 
and Desert Ranch, St. Petersburg, 
Florida. For information contact Les- 
lie Spencer, c/o 72nd St., N. St. 
Petersburg, Florida. 


NEW 441452. & ELECTRONIC RESET TIMER 
SPANS RANGE FROM .1 TO 10 SECONDS 


¢ « » COMPENSATED CIRCUIT MAINTAINS HIGH ACCURACY 





ELECTROFLEX 
Eagle’s new Reset Timer em- 
ploys only two moving parts 
(relay armatures), achieving 
precise short-interval timing 
through a dual range elec- 
tronic circuit. Timing ac- 
curacy is maintained within 
2% through line voltage 
variations from 90 to 130v. 
ambient temperature changes of 52°F. to 140°F., electronic tube 


replacements, and vibration up to 3g. 


SUGGESTS NEW CONTROL IDEAS 


Electroflex Dial, with precision wound potentiometer, may be mounted 
at the push button station with the mechanism located at a spot more 


convenient to wiring, installation. 


PULSER 


Pulsing with adjustable dwell is easily effected. Periodic output pulses 
may be continuously repeated with the OFF period adjustable on 
the dial. Pulse length (or reset time) is .050 seconds. OFF time is 


adjustable to 10 seconds. 


COMPANION EQUIPMENT 
The Electroflex Timer, the Eagle Micro- 


flex Timer, synchronous motor driven 
for longer time intervals, and the 
Microflex Counter, (shown) all share 
the same large 4” dial, mounting di- 
mensions, accessories and selection of 
enclosures to provide uniform appear- 
ance, simplify installations. 


Send for new Eagle Bulletin 150. Simply write to Eagle Signal 
Corporation, Industrial Timers Division, Moline, Illinois, Dept. 
TA-1058. 


For more information circle 49 on inquiry card. 
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EDISON OMNIGUARD 


EO; 
ay ohe 
EDISON % Gp: O atser 


Printed circuit construction Model 310 Edison Omniguard with Model 311 Indicator — 
increases dependability. a single indicator con read any number of temperature points. 


THOMAS A. 


EDISON 


new model 310 omniguard 
temperature monitor... 
unmatched for versatility 


Highest quality a ‘ 
components, with no Fi | The new Model 310 Edison Omniguard provides the simplest, most de- 


rr ten cei Rak -neenatinn _ pendable temperature detection system yet devised... for both small and 
large installations. 


The Omniguard system is reliable... flexible...economical. You order only 
the plug-in units needed, add new units as your monitoring needs expand 


Check these features of the new Edison Omniguard 


1. VERSATILE: One instrument can be used for both normally open and 
normally closed annunciator...for alarm or for shutdown of equipment. 


2. FLEXIBLE: Quick, inexpensive system changes and additions . . . easy 
tie-in with any type annunciators or cut-off switches. 


3. DEPENDABLE: Rugged design with highest quality components, no 
fragile moving parts 


4. SIMPLE: Single indicator reads any number of temperatures, needs no 
periodic adjustment. With a minute's briefing, anyone can operate the simple 
Easy access to all components permits quick temperature Omniguard monitoring system. 


settings and monitoring system changes - ot any time. ; ; ; 
5S. LOW COST: Plug-in units can be custom-tailored to your exact require- 
ments . . . order additional units only when needed. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


24 LAKESIDE AVENUE, WEST ORANGE, N. J. 





EDISON FACTORY OFFICES ARE LOCATED IN: EVANSTON. ILLINOIS: DALLAS. TEXAS: DAYTON, OHIO: SHERMAN OAKS. CALIFORNIA 
For more information circle 50 on inquiry card 








Non-explosion-proof type 









A non-explosion-proof type 
of M-S-A Gas Thermatron with 
recorder mounted in cubicle 
















Exp! 


sion-prooft type 









M-S-A’ Gas Thermatron 
continuously analyzes 
for one component 

in multi-component 









gas mixtures 














Schematic Flow and Wiring Diagram 




















For more information circle $9 on inquiry card. 


This unique development in gas analysis 
instrumentation combines thermal con- 
vection and thermal conductivity effects 
to provide selective measurement of a 
single component of a mixture without 
“scrubbing out’’ interfering components. 


MSA has been applying its knowledge of gas 
analysis to specific customer problems for over 
30 years. Latest and most unique solution to some 
of these problems is the M-S-A Gas Thermatron. 

This unit selectively analyzes for one component 
of at least a ternary mixture of gases (without re- 
moval of any component) by employing both 
thermal conductivity and thermal convection 
properties of the gas. 

Other standout features: Calibration is possible 
over very narrow or very wide ranges (0-100°% Gas). 
Construction is rugged. Operation is stable. Main- 
tenance is simple, infrequent. High accuracy and 
speed of response are inherent characteristics. 

In process control, you can use the selective 
M-S-A Thermatron for analysis of components in 
hydrogenation, ammonia synthesis, hydrocarbon 
synthesis and other processes. 

In the area of atmosphere/combustion control, 
you can analyze for CO, or H; in atmospheres con- 
taining H,, CO., N., CO and water vapor. Or, for 
CO, in flue gases. 

And where gas purity is a factor, the M-S-A 
Thermatron is helpful in the analysis of argon, 
hydrogen, helium or water vapor in oxygen, air 
or nitrogen. 

The MSA Instrument Specialist will welcome 
an opportunity to relate these advantages to your 
specific operation. Contact him soon. And write us 
for informative new bulletin on this inexpensive 
thermal conductivity analyzer. 


INSTRUMENT DIVISION 


Mine Safety Appliances Company 
Pittsburgh 8, Pennsylvania 













Curtiss-Wright 


RECTILINEAR 
STRIP CHART 
RECORDERS 


offer you 


12 BIG 


ota lal li: seni Rani as tis dni aioe 





ADVANTAGES 


1 MOVING-COIL AND DYNAMOMETER 
MOVEMENTS — No choppers, tubes, motors, 


slidewires, mirrors . . . provides utmost reli- 
ability. AC, DC, and Power movements. 


2 UP TO 6 CHANNELS AVAILABLE — 
Curtiss-Wright Double Size Models are the 
only Rectilinear Strip Chart Recorders to offer 
up to 6 channels. Curtiss-Wright recorders 
provide simultaneous recording of two to six 
variables on a single chart in any combination 
of different types of movements. 


= SENSITIVITY DOWN TO 250 UA FOR 
DC... can be extended beyond 250 va by 
DC amplifier (optional). 

4& ACCURACY 1% FOR MOVING-COIL 
RECORDERS — Conservatively rated as ~1% 


of full scale for DC movements. Unusually low 
friction of pen against chart. 


Curtiss-Wright .. . 


a new name in rectilinear strip chart recorders . . . 


S INKLESS AND INK RECORDING — |... 
less recording is standard equipment on all 
but Miniature Models, on which it is optional 
Cleanest, easiest method...a fine metal stylus 
“burns'’ the record into zine coated chart 
paper. Instantly converted to ink recording. 


G RECTILINEAR RECORDING — 4 potented 
mechanical linkage changes angular motion of 
the needle into a straight line, giving an un- 
distorted picture of the signal. Avoids errors 
and saves time. 


7 THREE-SPEED TRANSMISSION piu; 60.1 


speed change from hours to minutes provides 
six interchangeable speeds in all. 


& MOTOR AND SPRING DRIVES — syne 


motor, hand-wound short drive or electrically 
wound spring motors. Automatic chart rewind 


offers 


you time proven advantages in precision operation. Made under licensing 


agreements with Metrawatt AG... 
fine instruments for over 50 years . 


a leading West German manufacturer of 
.. Curtiss-Wright recorders combine ad- 


vanced design with highest quality workmanship. Moderate in price, these fine 


precision instruments are rugged and reliable... 


complete information. 


simple to operate. Write for 


ELECTRONICS DIVISION 


CURTISS-WRIGHTS 


CORPORATION + CARLSTADT.N. J. 


Page 1656 


Instruments & Automation—Vol. 31 


1 i tak dali saab tit i 


| 
4 
é 
4 
4 
| 


© LIGHT AND COMPACT DESIGN — smaii 


size and advanced design engineering of 
movement allows space and weight savings. 


1© DUST-PROOF AND SPLASH-PROOF 


CASES - Steel cases decrease effect of stray 
magnetic fields. 


11 SHOCK-PROOF MOVEMENT — Extra 


reliability when used in portable applications. 


12 OUTSTANDING WORKMANSHIP — jn. 


proved design and meticulous attention to 
detail assure highest quality precision per- 
formance. All Curtiss-Wright recorders carry a 
one-year guarantee. 





ILLUSTRATED ABOVE 


A — MINIATURE SLIM MODELS 86 (port- 
able) and 87 (flush). Weigh 9 Ibs. 33/4" 
x 7%," x 8%". $295.00 and up 


& —STANDARD MODELS 81 (portable) 
and 82 (flush). Weigh 19 Ibs. 71.” x 
9%" x 8". $445.00 
C—MINIATURE SQUARE MODEL (85) 
Weighs 16 Ibs. 55%” square, 1234” 
deep. $330.00 and up 


wm — DOUBLE SIZE MODEL 83 (portable) 
and 84 (flush). Weigh 26 Ibs. 1234” x 
9-13/16" x 8%”. $860.00 and up 




















MODEL DL1 Oo1 Or 


{ACTUAL SIZE) 





VALE 


x 
x 


— 


DELAY LINES 


An outstanding new component series in the JFD tradition of uncompromising quality. 









move. DL.1010 


(ACTUAL s!zE) 























Now... after extensive laboratory research — JFD dis- Characteristics: 

tributed constant Delay Lines to meet today’s challenging 

reliability demands! ¢ Precise pulse fidelity 
Designed for applications calling for short delay intervals, 

the new lines offer a high ratio of delay to pulse rise time, ¢ Operating temperature range of —55°C to +125°C 





in minimum space. Available for printed circuit assembly 

or for conventional mounting, JFD Delay Lines meet all 
ilitary ir S. an al modifie - , ‘ F 

military requirements. They can also be modified or cus ¢ Rugged encapsulated construction resists environmental 


tom-designed to meet your most rigid specifications. : Spe eee 
Call or write today for Bulletin 213 providing complete moisture, humidity, shock and vibration - 





¢ Excellent temperature stability 









electrical and mechanical data. Better yet, tell us your P ‘ 
delay network problem — distributed or Seamed constant. * Linear phase shift 
Our engineering staff will promptly recommend the solu- ¢ 0.1 inch grid spacing for printed board types . 
tion with detailed specifications for your particular applica- ; 

tion. e Attenuation of approximately 1 db per uz sec. / 





PHONE DEWEY 11-1000 
_ 


S JED 


Pioneers in electronics since 1929 


Woe LECTRONICS CORPORATION 


JFD Conada Ltd, 1462 62nd Street, Brooklyn, New York JFD International 
51 McCormack St. 15 Moore Street 
Toronto, Ontario, Canada New York, New York 


srrthaengensortrecyen mn ce Sentaammememee . sy tence phage ea PANNA SRNR Se ATR 
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NEW American 


GASCLOK Power Drive 
constant high power - uniquely accurate 


Instruments & Automation 


Vol. 31 


American’s new GASCLOK is a completely 
self-contained air or gas powered instrument 
drive and timing unit. Supplying a constant 
power output of over 20 times the torque 
delivered by conventional spring-wound clock 
mechanisms, it is ideally suited as either original 
or replacement equipment where continuous 
power and accurate timing are essential. 


Perfect for all circular or strip chart records 

from one-hour to 30-day periods. Constant 

power and timing accuracy are assured 

since there is no ‘“‘mainspring”’ to weaken 

or run down. Rugged durability and dependability 
are built into the GASCLOK Power Drive 

for years of service with minimum 

maintenance. It can provide new metering 
accuracies and economies for you. 








thi ent driving and timing 
att 9 + air or gas operated 





The versatile GASCLOK Power Drive is designed and 
field-tested for long trouble-free operation in remote location 
installations with all makes and types of recording instruments. 
The high-torque, continuous drive provides power for: 
Integrating Orifice Meters—Gas Lift Meters— Pressure Recorders 
Strip Chart Recorders—Telecounter Units—Field Program Timers 
and many other instrument applications for accurate, 

automatic operation. 


a 


e@ Self-starting mechanism completely self-contained—requires no 
winding or ‘‘priming’’ of power unit. 

e Gas or air consumption only 5 cfh—normal operating pressure 
5 psi—rotation 2 rpm. 

e Timing escapement spring rewound every 5 seconds—eliminates 
fluctuating torque. 
Accuracy of timing unaffected by wide fluctuations in supply 
pressure. 
Timing mechanism internally sealed to prevent corrosion and clog- 
ging—all power unit parts exposed to gas are aluminum or stainless 
steel. 
Inherently explosion-proof. 
Large area internal ports to prevent plugging. All internal ports 
easily cleaned. 

e@ Installation in-any position—variety of mounting brackets available. 
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editorial 


13th I.S. A. Show 


Hk 13th annual ISA conference and exhibit was 

held September 14-19 at Philadelphia Conven- 
tion Hall. The instrument industry was well repre- 
sented. and many firms chose this convention to intro- 
duce new products and lines. No less than five new 
lines of ele tronic prot Css controllers were unveiled, so 
that a trend to electronic control can be claimed by 
those who would equate commercial availability with 
economic applicability. Of course no such equating 
can he made, and no such trend can be claimed on 
this evidence. But henceforth the debate between ele 
tronics and pneumatics for process control will be 
healthier in that nobody will have a vested interest in 
the outecome—everybody will have both pneumatic 
and electronic systems for sale (the remaining two 
major process instrument) firms without’ electronics 
line are expected to introduce them soon), 

The new lines include sensors. transmitters. record- 
ers, controllers and valve positioners and the vari 
ous signals used will further complicate the “standard 
electric signal” problem that has long faced the in- 
dustry. Heretofore the signals in general use were 1-5 
ma de (MM&M) and 0-0.5 vy ae (Autronic). The new 
systems use the following signals: 

Foxboro Electronic ‘'Consotrol''—10-50 ma dec (into 

600 ohms) 

Leeds & Northrup “Automax''—1I-5 ma de 

Minneapolis-Honeywell "'ElectroniK' Tel-O-Set— 


4-20 ma de 
Taylor Electronic—1-5 ma dec (into 6000 ohms) and 


0-200 mv ac. 

The fifth system. the Hagan “Powramp” temper- 
ature controller, is a magnetic-amplifier controller for 
control of electric heating applications up to 330 kya. 
with proportional, reset and rate modes. 

The Taylor line includes both de (1-5 ma) and ae 
(0-200 mv) units. the latter based on the LVDT 
(linear variable differential transformer). 

The Minneapolis-Honeywell line includes both vacu- 
um-tube and transistorized units. The 4-20 ma range 
was selected because this is a reliable range for 
transistors and because of the power available to the 
force coils used in the system. 

The Foxboro line (10-50 ma de) includes both tran- 
sistorized and magnetic-amplifier-type controllers. The 
latter are used for flow control because the 30-second 
reset time that can be achieved with mag amps is ade- 
quate for flow control. Where reset times up to 30 
minutes are required, however, as in temperature and 
other control situations. the transistorized controllers 
are used. 

The Leeds & Northrup Automax Controllers (and 


Speedomax M, also introduced) use both transistors 


and vacuum tubes. and feature cascade control flex- 
ibility and rear adjustments (refinements requested by 


users). 
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In the field of process instrumentation, perhaps the 
most novel and unique disclosure at the show was the 
Swartwout “Thermo-Drive’” valve actuator. which 
uses Vapor pressure as its power medium. (This elec- 
trothermal unit is described in detail on pages 1673-74 
of this issue.) Not knowing (or caring) that a previ- 
ous research report had proved the impossibility of 
this principle for achieving the forces required for 
valve actuation. The Swartwout Company went ahead 
and produced a successful actuator that is truly unique 
and important to the electronic control industry. 

Computer control and its predecessor, data-handling. 
are still exciting frontiers of process instrumentation. 
Big news of the show in this field was the introduction 
of the Libratrol-500 system of Librascope, which uses 
the tried and tested (200 are in use) LGP-30 as its 
computing heart. The price tag of $75,000 is also at 
tractive. Thus there are now two digital computers 
specifically designed for process control RW-300 and 
Libratrol 5000 plus several others that) have been 
adapted to the problem. 

The several computer-in-control situations that are 
now underway must still be considered experimental in 
the sense that the main product is data whereby the 
economics of the situations are being investigated. 
(Thompson-Ramo-Wooldridge have announced a “co 
operative development study” with Standard Oil Co. 
of Ohio: 
ported on page 1612 in this issue; the Esso computer- 


the Esso Baton Rouge installation is re 


controlled pilot plant is reported on page 1688.) These 
basic investigations include both operating and_ pilot 
plants: the industry awaits the actual results of these 
investigations on which rests the future of “computers 
in control.” This field is being closely watched by your 
editors. . 

Although the above refers to digital computers, the 
analog computer still offers its promise of analytical 
insight into the chemical process and system (a favo- 
rite editorial theme of ours for years, and the reason 
for the inclusion of the Simulation Council News- 
letter in INSTRUMENTS AND AUTOMATION). 
Southwestern Industrial Electronics enteredithe process- 
control-computer field with its “Fractionation Com- 
puter.” a 12-operational-amplifier analog computer for 
optimation of fractionation processes. Watch for some 
exciting news from SIE on process control by com- 
puter. 

In the closely-allied field of data handling and 
logging, the show saw the introduction of (1) the 
Bailey Meter redesigned Metrotype Systems E72-1, 
featuring flexibility. accessibility and reliability, (2) 
the Honeywell 7000 Series data recorder-transcriber 
which samples 100 data points at 100 times/sec, digi- 
tizes, edits, and arranges data for computer entry, 








(3) the Hagan redesigned Kybernetes data logging svs- 
tem. (4) the Texas Instruments transistorized Data- 
Gave. (3) the new Beckman 123 transistorized data- 
processing-svstem with 100) input channels scanned 
at 3 points per second: and the new 210 high-speed 
data svstem which takes LO.0000 samples/see. (6) 
the new high-speed Victor Adding Machine Digi- 
Matic. a scanning printer that prints 33 characters pet 
second on parallel entry. 13) characters per second 
on serial entry. (7) the Computer Control Company 
new dine of transistorized dynamic digital modules. 
including a serial memory unit with a magnetostrictive 
delay line. with adjustable delay up to 560 usec in 
one small plug-in) package. (0) the new Type 5 
Data-Master of Hanson-Gorrill-Brian. designed for 
multipoint pressure scanning and logging. (91 the 
new Electronic Associates’ Magnetic. Tape Dataplotter 
(24.016) which can convert digital data magnetic 
tape into inked plots at rates to 75 points/sec. 

Bristol helped prepare the way for computer con- 
trol of a chemical process by introducing a control 


station with a deposition transfer valve 


manual. seal. 
automatic and computer control, 

\ problem with magnetic data tape has been reel 
storage. Burroughs solves this problems via economical 
plastic reels whieh can be stored with the tape. elimi- 
nating storage transfer. Burroughs also announced a 
1000 character/second paper-tape reader. 

In the field) of analytical instrumentation. Mine 
Safety Appliances introduced a gas analyzer that),is 
sensitive to a few parts per billion. using ion chamber 
technique (resistance of ion chamber when matter is 
ionized): MSA also introduced a complete line of 
sampling apparatus. Davis Instrument Div. and Green- 
briar Instruments introduced new lines of chromato- 
graphy apparatus both plant and laboratory. plus a 
Chroma-Kit to convert: existing chromatography in- 
struments to use with catalytic combustion detection. 
Industrial Instrument introduced the ThermaBridge. a 
self-contained thermal conductivity gas analyzer. Hays 
introduced a new BTU meter. Gow-Mac announced a 
line of d-e power supplies for both hevesistot and 
thermal-conductivity cells. complete with guide to 
choice of proper supply for a given cell. 

Of interest to measurement and control specialists 
were; 

1. New Bristol Velotron, a low-range radiation py- 
rometer (0-400° EF). ambient-temperature compensated. 

2. New Thermodot high-speed (infrared) radiom- 
eter of Radiation Electronics Corp. of Illinois. Svs- 
tem) response time-constant of 2 ms permits temper- 
ature profiles of rapidly moving ‘surfaces. The detector 
itself photosensitive Indium Antimonide—has a time 
constant of less than Ipsec. 

3. Fischer & Porter introduced a digital demand re- 
corder for electric utility industry that counts impulses 
for a given time and then puts the count on punched 
tape: input rate is 8 pulses/sec: the instrument can 
accumulate 500 pulses. 

1. Several new mass and magnetic flowmeters were 
introduced. One uses Ohmart technique for density 
and Foxboro technique for flow rate; the combination 
gives mass flow. 


5. Increased flexibility for cascade control is offered 





in the Moore single-station cascade control station that 
performs all cascade functions previously requiring 
two stations. 

6. Samuel Moore introduced Multiple Extension 
Wire (multiple-pair harnesses of te extension wire): 
also armored. bundled copper and polyethylene tubing. 

7. New “Compu-Tran” pressure transmitters of In- 
ternational Resistance realize accuracy with economy 
hy use of precision potentiometers. 

o. New Type 2300 Electronic Level-Trol of Fisher 
Governor is 1-5 ma transmitter. using the Fisher 
1-5 ma electrohydraulic valve actuator: new Type 543 
electropneumatic transducer converts all inputs from 
1-5 to 10-50 ma into standard pneumatic outputs from 
3-15 to 6-30 psi. 

9. Partlow introduced several new indicating and 


recording pneumatic temperature controllees. 


10. Gas clock of American Meter will interest: pipe- 
line men. American Meter also unveiled a semi-auto 


matic planimeter for chart integration. 


Ll. Fiseher & Porter introduced a new mass flow- 


meter with accuracy of 1{ of instantaneous value. 


12. New Brooks flow rate transmitter converts ver- 
tical motion of flow (via magnetic helix linkage) into 
rotary motion of pointer and pneumatic proportional 
pneumatic output: integrating mechanism can indicate 


total flow. 

13. Assembly Products entered the recording po- 
tentiometer field with a small thermocouple-actuated 
self-balancing temperature recorder, featuring econo- 
my. 


I4. Daystrom-Weston introduced a 24-point recorder 


said to be “smallest on market”: also a’ constant-cur- 
rent source to eliminate standard cells and a multi- 
point nonindicating controller, 

Electronic instrument specialists will be interested 
in the following: 

1. New “DC Differential Incremeter” of Sensitive 
Research expands each scale (savy 0-1 ma) into ten 
full-scale ranges (O-O.1. O.1-0.2. ete.) to create a 63” 
L000-div. scale out of the 6.3” seale on the instrument. 
2. Shockley Transistor Corp. (Beckman subsidiary ) 
demonstrated applications of the Shockley 4-layer 
transistor diode. These 2-terminal bistable devices are 
eood for oscillators. counters. ete. 3. SIE new CR-2 
Time Function Translator integrates area under a 
curve, gives digital readout. and lamps light when 
transient signal is over. This is useful for chromato- 
graphy as well as general integration problems. 4. Lib- 
rascope introduced an Image Converter Camera with 
exposure times to 10 millimicroseconds. 5, Epseo in- 
troduced a neat and small transistorized digital volt- 
ohmmeter. plus its new high-speed TMX Series multi- 
plexers. 

Some foreign names and trademarks also will be 
seen more on the American market. YEW ( Yokogawa 
Electric Works. Ltd) of Tokyo exhibited and made 
its debut into the American market with ammeters. 
voltmeters. insulation testers. recorders. oscilloscopes. 
pyrometers. YEW represents Foxboro and Bendix in 
Japan. The German Siemans flowmeters are expanding 
their line in the USA. 
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BDSA Outlook For Scientific and Industrial Instrument 
Industry 


Hk SCIENTIFIC. Motion Picture and Photo- 

graphic Products Division. Business and De- 
lense Services Administration. of the Department of 
Commerce. predicts that the scientific and industrial 
instrument industry. during the first half of L958. will 
maintain the same annual rate of sales prevailing in 
1957-- approximately 83. billion. In the second half of 
1958. the annual rate is expected to rise sufficiently to 
brine the vears sales to about $3.25 billion. 

Phe forecast is based upon an analysis of the trend 
within the instrument industry over the past eleven 
vears. and factors which underlie the trend. The 
sales figures for the eleven-yvear period were correlated 
with expenditures for new plant and equipment. De- 
partment of Defense expenditures for aircraft. guided 
missiles, and communications and electronic equip- 
ment. and Federal Government expenditures for in- 
crease of research and development facilities. These 
areas of expenditures are significant to the instrument 
industry. since they are closely related to instrument 
sales. Additionally. budgetary data on anticipated ex- 
penditures for future periods are available. thereby 
making the data a good base for projecting sales fore- 
Casts. 

Expenditures for new plant and equipment are ex- 
pected to be about $2.5 billion below the L957 level. 
However. this is an aggregate figure which contains 
pluses as well as minuses. It is significant that the 
petroleum and public utilities industries. which are 
relatively large users of instruments. plan to  in- 
crease their plant and equipment expenditures sub- 


stantially in 1958, On a weighted basis. a dollar of ex- 
penditures by these industries tends to offset: several 
dollars of negative spending by other industries. 

On the plus side. government expenditures for 
euided missiles. electronics and communications equip- 
ment are expected to increase substantially in) 1958. 
Consideration must be given, however. to the lag be- 
tween the time when contracts are awarded. and the 
time when the contractors are ready to order the in- 
struments which are related to the end products. In the 
correlation analysis. a six-month lag period was intro- 
duced by formulating the data on both private and 
covernment expenditures in terms of fiscal vears. while 
retaining the calendar vear basis for instruments sales 
data. 

The seientifiE and industrial instrument industry 
has manifested a growth trend of an average annual 
rate of about 15%). or approximately five times that 
of the economy as a whole. This exponential rate of 
erowth is attributed to the fact that instrument manu- 
facturers have continually improved the range. pre- 
cision and adaptability of seientifie and industrial 
instruments. Technological development in’ instrumen- 
tation has not even begun to approach its saturation 
point and. therefore. this high rate of long-term growth 
may he expected to prevail for a considerable number 
of vears. It is possible. moreover. that narrowing profit 
margins. which have been manifested throughout in- 
dustry in general. may accentuate the trend. since 
this situation induces increased expenditures for plant 
modernization in order to reduce production costs. 


New Glamor Subject 


EWEST GLAMOR subject in the American tech- 

nical trade press is Russian education. and we 

can confidently look forward to an increasing deluge 

of papers. articles. and speeches on Russian course 

content, hours spent in Russian classes. comparisons of 
Russian and American students. etc.. etc. 

We predict that among the host of factors that will 
he analyzed in great detail and expense. the following 
will be noted only in passing ‘if at all): 

1. Russia devotes about 8° of its total national 
income to education at all levels—compared with 44, 
in the USA. 

2. Russia pays its superior students to go not 
only to college but also to technical schools—com- 
pared with considerable tuition charges in the USA. 

3. Russia pays its high-school teachers and uni- 
versity professors much more than its skilled laborers 
and as much as its industrial scientists and engineers. 
compared with the situation in the LSA where even 
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university instructors are not paid as much as truck 
drivers. 

$, Russia is building classrooms and educational 
facilities at an expanding rate. and can already gradu- 
ate more than 70.000 engineers per vear compared 
to United States facilities that are taxed to breaking 
point to graduate less than 20.000 engineers per year. 
and where grade-school and high-school classes num- 
ber 45 to 50 students (which means that each student 
now has a teacher only one half time). 

We suggest that honest and constructive discussion 
of our education systems (and this does not mean the 
shallow mud slinging and blanket condemnation we 
have been served with to date) is more in order than 
examination of the Russian svstem. A good starting 
point for anybody who presumes to speak on educa- 
tion is analysis of what happened to the many school 
construction and staffing bills that were killed in the 
Congress of the USA this year, 














DIGITAL AUTOMATION—30 





ISPLAY-TYPE READOUTS use lamps and fluo- 


rescent materials either to form or to illuminate 





a number. They are not limited in size and are 





characterized by high data-display rate. 

Prices range from SIO to S100) per decade. de- 
pending on type and features desired. The principles 
and features are given in the following deseriptions of 


available equipments. 


Beckman/Berkeley Lighted-Bar Indicator 
PRINCIPLE 


hehind engraved bar segments on readout panel. bach 





Numbers formed by miniature bulbs 





numeral formed by selecting up to 7 segments. In- 





put is received in’ parallel continuously from decade 
counter units. When enabling pulse arrives. the dis- 
play responds to the input signal code. then this display 
is locked until next counting period is complete. Only 
those digits that differ from the previous display are 


changed. 













| 


INPUT Four parallel binary voltages per digit 
‘value either zero) or 20) volts) from) counting 






instruments with 1-2-2-4 code. Display is initiated. by 





25-v “readout” pulse. 


DATA DISPLAY RATE 
FEATURES—Bright red numerals are 34” wide 
by 114” high on dark background. Four to six digits 
are displayed. Can be used in parallel for readout at 





Up to 13 pel second, 







remote location. Can be read through viewing angle 





of 150 degrees and in high ambient light. 







Computer-Measurements Back-Lighted 
Decade Counters 


PRINCIPLE —Flip-flop circuitry driving neon bulbs 


behind engraved panel. Input pulses operate flip-flop 









chain connected to appropriate neon bulbs. 





INPUT — Negative pulse from 75 to 150 volts peak. 
depending on model. 


DATA DISPLAY RATE—In excess of 1,000,000 per 
second in Model LLOA: 220.000 per second in LOOA. 















Display-Type Digital Readouts 





Wheel. counter. and belt-type readouts were 
surveved in the June issue. Here are details 
on available display-type digital readouts. 





FEATURES-—Pulses separated by as little as 0.8 


microsecond can be resolved. Preset decade counting 












units are available to provide an output pulse at 
selected numbers at rate up to 40,000 counts per 


” 


second, Dimensions are 515” x 5107 x Ley 


Computer Measurements Neon-Bulb Readout 
PRINCIPLE 


1) lamps per numeral. 


INPUT 
25 volts to O volts for each code line. Information re- 
quired is 1-2-2-b or 1-2-4-8 binary decimal code. These 


Numerals formed by selection from 


Directly into vacuum tube grids. Negative 


codes are converted to 10-line by relay matrix: ten- 
line is converted by resistor matrix to proper lamps 


for numeral. 





10. displays per second 


DATA DISPLAY RATE 


with Model ISOA relav-tree code converter. 


Flat-plane numerals are 2!.” high 


FEATURES 
and formed by lighting particular combinations of 
-mall. high-intensity neon bulbs that are set back in a 
protective grid. Display provides six-digit number. 
Decimal point optional. Bulb failure will not inaeti- 
vate the readout or destroy the intelligence as the num- 
bers can be understood even though some bulbs are 
out. which can happen only rarely. Numbers can be 
read at wide angle and in strong ambient light. Memory 
(display holding) cireuit changed only on command. 
preventing loss of important data. Readouts can be 
connected in parallel for repeating in remote loca- 


tions. 
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Cubic Corporation Edge-Lighted Plastic Display 
PRINCIPLE—1 dee-lighted etched-plastic plates 
stacked in depth. Readout unit sold separately or as 


digital voltmeter. chmmeter. ete. 


INPUT-—Operating voltage brought to bulb termi 


nal is 6 v at 0.2 amp. 


DATA DISPLAY RATE—Thirty counts per second 
as digital voltmeter: average balance time for 4-place 
readout is 2 sees: maximum is 5.4 secs. 

FEATURES- Special signs used in ratiometer, 
ohmmeter, etc. Each digit is a module: many can be 
mounted side-by-side: automatic polarity and decimal 


sign when used as digital voltmeter. 


Dialight Read-out Pilot Lights 
PRINCIPLE —Legend is hot stamped on face of 


lens or placed behind lens hy means of a disc. 


INPUT: Lamps can be selected for 1.5. 2.7. 6. 10. 
14 and 28 volts. 

DATA DISPLAY RATE-—As fast as lamps can be 
lit. 

FE {71 REs In No. | 4 series. legend i> aligned 
after installation of pilot light. Assemblies mount in 
either 15/32” clearance hole from rear or front of 
panel respectively. In DATALITE No. 7538. series. 


plug-in lamp cartridge contains Jens and legend. 


Electro Instruments Edge-Lighted 
Engraved-Plastic Readout 
PRINCIPLE—Lucite plates. arranged in depth, are 
each engraved with a numeral. letter or svmbol. which 
lights up when the bulb at its edge is lighted. 


INPUT—Bulbs are either 6v or 28 v. ae or de. each 
lighted by a separate wire. 

DATA DISPLAY RATE-—As fast as bulb can be lit. 

FEATURES—Numeral size is 1” (regular), 15” 
(miniature). In various colors. Standard decade has 


numerals 0-9, number of decades from 1 to 6. Widely 
used as digital voltmeter readout. Each bulb requires 


” 


134” deep per decade. Miniature is 2” x 1°,” x 


2 
° 


.2 watts. 6 or 28 volts. Regular unit is 2” x 27% 
fe 


] 

xX 

] J deep. 

Franklin Electronics Back-Lighted Vertical 
Decade Counters 

PRINCIPLE—Back-lighted engraved vertical decade 

counting unit in digital voltmeter Model 400A, 


INPUT—Dc or ac voltage from 0.01 to LOOO volts 
(as voltmeter). 
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DATA DISPLAY RATE-Thirty counts per second 
as digital voltmeter: average balance time for 4- 


place readout is 2 secs: maximum is 5.4 sees. 


FEATURES Readout unit is compact. Voltmeter 


also available with Nixie readout unit. 


Hewlett-Packard Flip-flop and 
Magnetron Decade Counters 

PRINCIPLE--Neon tubes behind engraved panel. 
AC-4A/B counters employ a scale-of-16 binary  flip- 
flop circuits arranged so that their count presentation 
is a seale of LO. Fach input pulse advances the count 
one numeral. 

AC-4D Counter unit) uses a Magnetron Beam 
Switching tube. a high vacuum tube with a centrally 
located cathode surrounded by ten identieal arrays. 
Electron beam is formed between central cathode and 
me of the ten external arrays or “positions.” The 
beam can flow to only one of the ten positions at any 
given time. The greatest portion of the beam current 
flows to the target (plate) where it provides a use- 


ful output to operate a neon lamp. 


INPUT 15 © positive pulse on ACAD: 55 to Oy 
negative pulse on AC-EA or B 


DATA DISPLAY RATE—1.1 me on AC-4D; 220 
ke on AC-AB: 120) ke on \( A. 


FEATURES As the Decade Counter advance from 
“9” to “O", an output pulse is provided to operate the 


succeeding counter. 


Industrial Electronic Engineers 
Projected-Image Indicator 
PRINCIPLE-—One or more of 12 lamps is lit and 
projects straight-line image through cutout in’ mask 
onto translucent surface. Character (number. letter. o1 
mark) is formed by projecting either entire character 

or straight-line segments. 


INPUT — 6.3 v. 14, or 28 v ac to lamps: signal is 


from 12-bar matrix. 


DATA DISPLAY RATE-As fast as lamps can 
he lit. 


FEATURES--Characters %x” wide by 7%” high are 
usually white on black: can be colored. Displays any 
letter A-Z. any number 0-9 and +- or —: also other 
special marks. All characters appear on front surface. 
Any number of units can be combined for in-line read- 
out. 6.3-v operation gives adequate light for most 
purposes and assures 10,000-hr life. 





Kin-Tel Edge-Lighted Engraved-Plastic Display 

PRINCIPLE 
merals engraved in plates. Plates are stacked one be- 
hind the other, Used in digital voltmeter Model 401, 


INPUT. Voltmeter 


covers range of O.OOOL to 999.9 volts. 


Lamps are energized by 6 vy. 


DATA DISPLAY RATE —TVhirty counts per second 
as voltmeter with average 4d-digit reading time of | 
second: maximum balancing time is 3 seconds when 
used as digital voltmeter (Model JOL): conversion 


time of 3-digit Model 801 is TO millisee. 


FEATURES 
decimal point placement when used as voltmeter read- 
out. Includes drive for parallel input printers. Projec- 
tion system uses standard lamps with 7,000 to 8.000 


hr life. 


Automatic polarity indication and 


Milman Engraved-Plastic Display 
PRINCIPLE K-dge-lighted plastic plates 
FEATURES-—-A quick-change molded terminal- 
hoard maintains spring-loaded contact with each bulb 
and eliminates the resoldering of connections when re- 
placing bulbs. A polaroid filter covers the front of the 
unit to reduce incident light reflections and contribute 
to the sharply defined brilliance of the characters: 6, 


14 or 28 volt operation. 


Non-Linear Systems Edge-Lighted 
Engraved-Panel Readouts 


PRINCIPLE 


are arranged one behind another (only 114” deep). 


Kdge-lighted engraved lucite plates 


Each symbol is engraved on a separate lucite plate. 
and each plate has an associated incandescent lamp of 
the reliable aviation instrument type. Energizing a 
lamp causes the engraved symbol to glow brightly. 

INPUT--Lamp voltage can be 6, Lt or 28 volts. 
DATA DISPLAY RATE 


operated. 


\s fast as lamps can be 


FEATURES 


integral windows arranged side by side are available 


Displays having between one and six 


from stock in three window sizes—1l” x 1”, 1” x 
2”, 2” x 2”. Complex displays available on order, or 
can be built-up by fastening stock sizes together. Is 
sealed against humidity. dust, ete. Symbol plates can 
be removed and replaced with differently engraved 
symbol plates in minutes. Standard structure permits 
using up to 12 plates in any one window. Is only 114” 


deep. 


Potter Instrument Back-Lighted Counter 
Decades and 1-2-4-8 Readouts 

PRINCIPLE 

bulbs behind engraved panel or beside numerals 


1-2-4-8. 


Flip-flop cireuitry driving neon 


INPUT 


(depends on model) from 0.5 to 10 usee. 


30-80 volt negative pulses. Pulse width 


Kdge-lighted plastic plates with nu- 


DATA DISPLAY RATE -1.000.000 per second in 
decade counter Model 14: 0 to 150 ke in Model 12; 
Oto 40 ke in Vodel 15. 


Potter In-Line Projection-Type Readout 
PRINCIPLE 


principles, unit requires a 6 volt ac/de external source 


Operating on electro-mechanical 


to move a O to 9 insé¢ribed vane in front of a light 
heam projected on opaque glass screen. Mechanical 


movement is controlled by four solenoids, each with a 


“weight” of 1, 2. 4. and 8. 


ep: 
2) af 
2 


INPUT—A-line binary decimal signal (20. volts, 
100 ma) to solenoids. 
DATA DISPLAY RATE: 


changes per sécond, 


Up to 20 numeric 


FEATURES—-15”-high in-line projected readout. 


Single projected digit with no ghost or halo. Readout, 
visible from 200 feet. is 9” x 1” x 310” high. 


Victor Back-Lighted Counter 
PRINCIPLE—Flip-flop circuitry driving neon 
bulbs behind engraved panel. 


FEATURES—Conversion to nines complement for 
subtraction requires only 10 usec. Can accept either 
serial pulse train or parallel code (binary coded deci- 
mal}. Display is uncoded decimal. With parallel input, 
a six decimal will complete all carries in 160 usec. 


Westinghouse "ELF" Electroluminescent Readout 

PRINCIPLE 
forms numbers by energizing selected combinations 
from nine straight-line segments per number (14 


Electroluminescent phosphor panel 


segments for alphanumeric). 


1NPUT—200 y at 400 cps across phosphor. A diode 
logic matrix accepts low-voltage (10 v ac or de, 300 
ma) decimal-numerical input and converts this to the 
required segment code. 


DATA DISPLAY RATE-—Several hundred’ counts 


per second. 


FEATURES—Numerals can be any size (depending 
on manufacturing convenience) from a fraction of an 
inch to several feet high (first standard readout dis- 
plays 2” by 2” numerals). Illumination level is about 
5 foot-lamberts after 3000 hours life. Long lifetime 
with no sudden lamp burnout; low heat dissipation. 
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Recent Environmental 


A continuation and extension of 
the environmental equipment re- 
view featured in our July issue. 


N the field of test chambers for temperature. pres- 
sure. humidity and many other environmental 
Fig. |. Walk-in chamber at Aerotest. variables. much work is underway on extension of 
ranges. combining of variables. and increasing cham- 
ber reliability and accuracy. Chambers are available 
from small “Sterilshields” to giant aircraft testers. 

Fie. | shows a giant 10’ x 11’ walk-in chamber at 
\erotest Laboratories, Inc.. a complete test facility for 
product evaluation and design. This unit has a tem- 
perature range from 100 to +250 FL a humidity 
range of 5 to 95%. an altitude range of up to 200,000 
tt. 

Fig. 2 shows a large chamber made by American 
Research Corp. All chambers. regardless of size. are 
assembled and tested before delivery. Sand and dust 
chambers have automatic dust density control. 

Fie. 3 shows a typical “Sterilshield™ of the Baker 
Co. which uses low-velocity cleaned air to wash work 
and tools during critical operations. Parts can le 
transferred in cleaned air that has no particles over 
one micron. The Baker company also supplies pre- 

Fig. 3 Baker fabricated dust-controlled rooms complete with equip- 
"Sterilshield." ment. 

Test chambers now being designed by Rochester 
Div. of Consolidated Klectrodyv namics Corp. will Op- 
erate in regions of 10° to LO 07! mm He: one will 
simulate altitude of 300 miles. 

Develeo (Development) Engineering Co.) walk-in 
salt spray fog chambers (Fig. 4) are lined with Monel 
with estimated life over L100) years. The salt) solution 
is not re-used. but drained to waste. Top-opening 


—— ( ers e linec i VC ”) i thloride) 
hid: Dotkawsidacken. hambers are lined with PVC) (polyvinyl chloride +. 


ber. 


Hudson Bay Co.. Div. of Labline Ine.. also uses 
Monel metal in its temperature-humidity cabinets. and 
stainless steel in) low-temperature cabinets. Bakelite 
thermal breakers eliminate heat travel through metal. 

Missimers Ine. supplies temperature chambers for 
rocket engines which allow vibration. tension. com- 


eS 
Fig. 5. NRC high vacuum 


eden pression, bending and torsional stress testing while in 


simulated temperature. altitude or humidity environ- 
ment. Temperature range is — 300 to 4 L000 F ot 
higher in a single chamber. Also a radiantly heated 
altitude chamber is capable of producing over LOO,Q00" 
altitude at temperatures up to 12000 F. 

Murphy & Miller chambers also are designed for 
Vibration testing within a temperature environment. 
Gradient is limited by special circulation. 

NRC Equipment Corp. features high-vacuum en- 
vironment (Pig. 5). which also can include heating. 
cooling and vibration. 

Fig. 6. Large Tenney Tenney Engineering Inc. can supply up to 30-cu-ft 
chamber. standard temperature-humidity chambers from stock. 
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Equipment Developments 





Other designs include sand and dust. explosion. and 





units for use with vibration machines. A) chamber 








recently completed (Fie. 6) has 1’ by 35’ work space. 


temperature range from 100 to +1200 F and an Fig. 7. All American fa- 
ultimate altitude of 125,000 to 150.000 feet. tigue machine. 









Shock and Vibration Testing Fig. 9 hiiey pre _ 


chine. 












Recent developments in this field include extension 


of ranges. high-rate testing. and automatic data plot- 






tine and analysis. 

The Model LOO-VA-T vibration fatigue testing ma 
chine of All American Tool & Mfg. Co. provides verti- 
cal movement of up to LO0-Lb assembly (Pig. 71. Dis: 















. Allegany high-rate 






placement is adjustable up to 0.1257: frequency is Fig. 8 
variable from 5 to LOO eps: 20” by 46” table. tester. 
Phe Model 625 High-Rate Tester of Allegany Instru- 
ment Co. (Fig. 8) strains loads at rates up to 6.000” ae a iad 





min, An important feature is that rate is constant aftgt 
first LOS of travel. 
The Barry Controls “T/Plotter charts the complete 






Vibration transmissibility curve automatically and con 
tinuously during the vibration test evele. New shock 






machine (hig. 98° produces a defined) shock pulse 





thalf-sine. sawtooth, semi-square} whose wave shape. 





magnitude and time duration can be repeated ae- 





curately, Range is from 2 psec at up to TO0O-g peak to 





60 psec at up to PASE, peak. 





Continuous. visual monitoring of shaker tests from 





5 to 10,000 eps is provided by “Slip-svne™ and “Stro- 


bex”” of Chadwick-Helmuth Co. A high-intensity strobe Fig. 10. LAB. fatigue 


light is synchronized a few eps away from test fre- . 
hronized a psa o nemaktine 








quency. Camera provides slow-motion movies of high- 





speed action. 
The new 6” HYGE shock tester of Consolidated 
Electrodynamics produces a maximum thrust of 40,000 





lb. Build-up rate of 100 ¢’s per psee can be produced 





from zero to peak acceleration. Accelerations up to 
2000 g's for 2 psec have been made on an 11-lb mass. 






Mechanical reaction vibration fatigue testing ma- 








chines of L.A.B. Corp. have vibrating-members  sus- 





pended and isolated to such a degree that machine 





Fig. 11. Shock pattern. 





producing dynamic forces in excess of 5000 Ib can be 





installed on upper floors in multistory buildings (Fig. 








10). One-minute changeover from = vertical to  hori- 





Fig. 12. Soiltest appara- 
tus. 


Fig. 13. Wylie Hydrashaker 


zontal direction is possible. Use of counterbalancing 





weights reduces impact on supporting structure, 
Lycoming. Div. of AVCO Mfg. Corp. has developed 
a shock machine to meet WS-LO7A-2 test requirements 







for airborne electrical equipment that can produce 






sawtooth-wave shock patterns (Fig. LL) of more than 
100 g’s peak from 80 to more than LOOO eps. Quarter 







and half sine-wave shocks also can be produced. 






Triaxial apparatus of Soiltest. Inc. (Fig. 12) shows 






performance of soils under three-dimensional stresses. 

i\ ylie Mfe. Corp. Model W-4500 Hy drashaker (Fig. 
13) is rated at 45.000-Ib force and has maximum 
blocked force of 54.000 Ib. Facility tests high flows of 
cryogenic fluids. 
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PHANTASTRON DELAY 

Widely used in radar receivers and indicators. the 
phantastron generates outputs of constant amplitude 
whose duration is closely proportional to a control 
voltage. It has better precision and stability than the 
one-shot multivibrator. Circuit shown is NBS-BuAer 
preferred circuit PC56. The phantastron also can be 
used to generate a slow, linear sawtooth waveform, 
and is often used in klystron AFC circuits. 

Principle of phantastron operation depends on the 
characteristic of certain pentode tubes like the 5725 
shown (a premium version of type 6AS6: submini- 
ature equivalents are types 5684WA and 5636) to 
have the cathode current go to either the plate or 
screen, depending on the suppressor-to-cathode po- 
tential. As in other pentodes. cathode current (sum of 
plate and screen currents) is determined by the con- 
trol grid voltage. The division of cathode current be- 
tween plate and screen. however. is determined by the 
suppressor voltage. In pentodes suitable for phanta- 
strons, plate current can be completely cut off by suf- 
ficient negative voltage at the suppressor grid: all of 
the cathode current then flows to the screen. 

In the stable condition, cathode current is maximum 
because the control grid is biased positively, drawing 
current. Cathode is operating at about +-12 vde with 
respect to ground; hence the suppressor grid is nega 
tive with respect to the cathode. and plate current is 
cut off. All of the cathode current is thus flowing to the 
screen. Screen current, passing through resistor R6, 
drops the screen voltage to about 40 vdc. Suppressor 
voltage is about 3.5 v positive with respect to ground. 
Assuming the control voltage (V,.) is at its maximum 
value of 280 vdc, the plate voltage is also at this value. 

If a negative 15-v trigger is now applied to input 1. 
the phantastron shifts to an unstable state. The abrupt 
drop in plate voltage is passed through capacitor C3 
to the grid. This grid voltage drop causes a drop in 
cathode current, a corresponding drop in cathode 
voltage, and a rise in screen and suppressor voltages. 
This causes cathode current to be transferred from the 
screen to the plate because the suppressor is now posi- 
tive with respect to the cathode. This plate current 
further decreases the plate potential. 
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The action described started with a negative signal 
at the plate which led to increased plate current, which 
in turn caused further decrease in plate potential. This. 
by definition, is regenerative action, and the plate po- 
tential tends to fall rapidly. However, note that a sud- 
den decrease in plate potential would produce a strong 
negative signal on the grid because the grid is ca- 
pacitively coupled to the plate. This negative grid 
signal tends to cut off the plate current and raise the 
plate potential. Hence the plate potential cannot fall 
suddenly, but instead decreases linearly depending on 
the R3-C3 time constant. 

A plate voltage “rundown” now occurs, with the 
plate voltage decreasing at a nearly constant rate, After 
a time determined by time constant R3-C3 (and by 
initial plate voltage value) the plate “bottoms” and 
can decrease in potential no further. At this time the 
phantastron begins to recover, with C3 recharging to 
its original cundition. The grid becomes positive and 
the tube regains its initial stable condition. Cathode 
current rises abruptly to its original value, and the 
delay period ends. A recovery period must elapse, how- 
ever, before capacitor C3 has completed recharging. 
and the plate voltage returned to its full original value. 
The circuit cannot be reliably triggered again until 
recovery is completed. 

The abrupt changes in screen and cathode currents 
provide nearly rectangular waveforms at outputs 1 and 
2. Output | is a positive-going waveform of 60-v am- 
plitude; output 2 is a 15-v negative-going gate. 

Duration of the output waveforms is closely pro- 
portional to the time constant R3-C3, and to the con- 


Table 1—R3-C3 Parameters for Various 
Delay Periods for PC 56 and 57. 


R3 C3 Minimum Maximum Miesieean 
megohms put duration duration recovery 

(Ve*®¥=20v) (Ve=280v) time } 
usec usec (Vc=280v) 

usec 

= a 

220 15 
470 30 
1000 70 
a. 2. 
1200“ 180 
1200 265 




















1 For PC56 only; For PC57 approx. 40 usec. 
*Vc is control signal voltage 











CIRCUITRY 


The circuit is the heart of all eleetron- 


ics. Here are 2 more basie and interest- 
ing circuits. Unless marked, resistors 


are in ohms. capacitors in microfarads. 








value. Control voltage range is 20 to 280 





trol voltage 
Vv: maximum delay time error is O.14¢ of the maxi- 
mum duration. Duration changes little with supply 
voltage changes. provided that circuit voltages and 
control voltage are derived from the same supply and 
vary together. With a common supply. a LOT change 
in supply voltage causes about 0.1% change in dura- 
tion. A 10° 


effect. Jitter. or short-term variation in duration. is 


change in heater voltage has the same 


negligible in the circuit shown. 

Aging of tubes causes a gradual change in dura- 
tion: replacing the 5725 tube typically produces about 
2°) change in maximum duration. For highest accura- 
ev the circuit should be calibrated frequently. 

\s shown in Table 1. recovery time (the time which 
must elapse before the phantastron may be triggered 
igain! is generally longer than the delay time. In the 
next circuit. a cathode follower is added to reduce re- 
covery time. 

Input and outputs: See Table 2. 

Control voltage, V.: 20 v to 280 v. 


Maximum error: 0.1'¢ of max duration. 


Source: NavAer 16-1-519; Handbook o} Prejerred 
Circuits, Navy Aeronautical Electronic Equipment. 
National Bureau of Standards. Washington, D. C. 


FAST RECOVERY PHANTASTRON DELAY 


In many applications the long recovery time of the 
preceding phantastron circuit is not objectionable. 
When recovery time must be reduced, a cathode fol- 
lower can be added as shown to reduce recovery time 
to about 40pnsec. Circuit is NBS-BuAer preferred cir- 
cuit PC57. 

The cathode follower in this cireuit couples the plate 
to the grid, so that the phantastron action deseribed in 
the previous circuit is unchanged. However, as only 
tube and circuit capacitances are now present at the 
plate, the plate can recover rapidly after rundown. 


Table 2—Inputs and Outputs of PC 56 and 57 


Ampli- Rise D 


finns MOS" fy uation Bacay Imegenee pi 
Input 1 15 O1— | toS = — _ Negative 
me oo 0.2 to 2 _—- — Positive 
Output | 60 02  — 0.1%" _~20K__ Positive 
a 


2In percent of maximum duration. 
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The recovery time of both circuits is determined by 
the time for the 5725 tube plate voltage to return to its 
original (high) level. In the preceding circuit. recov- 
ery of the plate is slow because the capacitor C3 must 
recharge through the |-megohm resistor R4. Inserting 
the cathode follower V3 takes the capacitor out of the 
plate circuit. This time-constant reduction lowers the 
recovery time. 

Reducing the recovery time is not without disadvan- 
tages—not only is an extra tube section required (14 
of a type 5814) but control voltage range is limited to 
the range 20-240 vde because a minimum voltage drop 
across the cathode follower of 60 v is required for 
linear operation. Linearity of delay with input control 
voltage is also not as good as the preceding circuit. 
Maximum error is 0.5 of maximum duration: it 
mav be reduced to 0.1°¢ by further restricting the 
maximum control voltage V. to 150 vde. 

In either circuit the control voltage source must 
provide a de return path to ground to permit the 
clamping diode VI to operate. Resistor R1 is needed 
with a low-impedance control voltage source (such as 
a potentiometer) to prevent short-circuiting of the 
trigger voltage. If the control voltage source has a 
minimum output resistance greater than 22K ohms. 
RI can be omitted. 

Kither cireuit can be triggered by a positive pulse at 
the suppressor grid (input 2) because the cathode cur- 
rent can be switched from screen to plate by either a 
small increase in suppressor voltage or a small decrease 
in cathode voltage. Triggering the suppressor is more 
critical because the trailing edge of the trigger may 
tend to end the phantastron cycle prematurely. 

The phantastron is also used to provide stable fixed 
delays up to 0.1 second or more in applications such 
as frequency dividers. It can also be made free-running 
by reducing the value of the cathode resistor R5. 

Inputs and outputs: Same as preceding circuit. 

: 20 v to 240 v. 


Maximum recovery time: 40 ;sec approx. 


Control voltage, V 


Maximum error: 0.5° of max. duration. 
Minimum duration: See table 1, preceding circuit. 


Maximum duration: Approx. 85° of fourth column, 
table 1. 
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Response of 


Annin Electropneumatic Actuator 


i ee ANNIN Model 30.000 electropneumaty ar 
tuator (Fig. 20. left) converts a d-c milliamp 
signal (1.0 to 5.0 ma or 5.0 to 50.0 mat into the 
standard 3-to-15 psig pneumatic signal, 

\s shown in Fig. 21 the input electric signal moves 
a Y-shaped fexure lever arm via a magnetic coil. 
Phe opposite arm of the Y moves the pneumatic pilot 
to cause the air pressure output to increase or de 
crease. This output air is used to impose an opposing 
motion to the flexure lever. so that the output air is 
proportional to input signal regardless of arm position. 

The pneumatic feedback signal is fed to two feed- 
back pneumatic cells within the transducer. The upper 
cell is closer to the pivot than the lower cell so that 
the resulting moment opposes that of the magnet-coil. 

The pneumatic output of the transducer is fed to the 
small volume of a standard Annin— positioner. as 
shown: the positioner output is not fed back to the 
transducer. 

The response of the Model 30.000 transducer with 
1-5-ma input (12000-ohm coil) and 3-15 psi output is 
shown in Fig. 22 for a sinewave signal, 22-psi pneu- 


matic supply, and 0.6 cu in downstream volume. 


Annin Model 20,000 Electrohydraulic Actuator 


The Model 20.000 (Fig. 20, right) can be used 
with most) commercial electronic controllers. The 
domelike housing encloses a feedback potentiometer. 
a power supply and a transistorized amplifier (pump 
is external). Signals from the controller move a 
hydraulic servo which controls LOOO- to 3000-psi- fluid 
to the cylinder actuator. Position feedback voltage 
to the amplifier is taken from an infinite resolution 
rectilinear potentiometer. Thrust loads of more than 
100.000 pounds can be developed. Various speeds of 
operation can be obtained by using different size 
standard hydraulic servo valves. 

Average stem loads of 20,000 Ibs and stroke speeds 





Combination Valve Actuators 


Last month the actuators of Conoflow, Moore. Fisher Governor, GPE 
Controls, Hagan, and Manning. Maxwell & Moore were discussed. Here 
are the Annin. General Controls. Mason-Neilan. Midwestern, Moog, 
and Swartwout combination (combined pneumatic. hydraulic or elec- 
tronic) actuators, including the new Swartwout “Thermo-Drive.” 


faster than 1” /see require a large hydraulic supply. 
Typically. a 3-hp motor with pump. unloading valve. 
and 10- or 20-gallon accumulator are used. This is too 
large for valve mounting: one supply can power several 
operators. 

Response of one particular assembly using a 3000 
psi hydraulic system is shown in Fig. 23. The test was 
run with (1) 780 to 880 psi. (2) a sinusoidal signal of 
10%, full amplitude, (3) a 10-gpm hydraulic servo, 
(4) a3” bore x 1” stroke evlinder, 

Under these conditions a response time “To (time 
for 63.2%) of full response | of 0.08 second was ob- 
tained for the 10% stroke: this increased to 0.70 


second for 80%. stroke. 


General Controls Hydramotor 


The General Controls Hydramotor (Fig. 24). is an 
electrohydraulic actuator (Fig. 25). A reciprocating 
pump develops pressure for the spring-loaded piston. SS 
The pump :will run until full stem travel operates a ote -EEYEL- ~~ - 
limit switch to stop the motor. Another circuit) con- 
trols the opening and closing of a relay-actuated  re- 
lief valve. The relief valve will release the pressure RELIEF 
upon the piston to allow the spring to move the stem. | (VALVE 
The entire pump and relief valve system runs in a ' ; 
hermetically sealed oil reservoir. yi 

Units vary from the smallest. which is about 4’ in FIG. 25. 
diameter and 6” high with a stem output of 1&0 a ewic ine 
pounds through °.” travel. to a power unit not much we y een 


larger, which has a total stem force of 6000 pounds 
through 414”. A variation of the system emplovs two 














power units—-one exerting pressure in one end of a 











piston and the other forcing it in’ the opposite 
y SE 

Numerous control circuits allow for a variety of 
operating cycles. This actuator was originally de- 
veloped years ago as an emergency on-off current- 
failure unit. 
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FIG. 26. MA- 
SON-NEILAN 


Sere 


Hvdramotors become fully modulating by use of a 
circuit which allows the stem movement to follow the 
dictation of a potentiometer. (This potentiometer may 
be operated manually or be a component of a con- 
troller.) Unbalance between the operating potentio- 
meter and a 
armature of a proportioning relay so that the pump 


follower move. the 


potentiometer will 
motor is energized through one power relay (or the 
valve is through another power 

Upon resuming balance. the armature will 
assume a neutral position. opening both 
override this automatic control. 


relief de-energized 


relay). 
contacts. 
Limit Control may 
Saturable reactors are used in the high capacity power 
units to decrease the load on the proportioning relay 
and increase the life of the contacts. The Hvydramotor 
may be adapted to use with a pneumatic controller bys 
use of a pneumatic-electric transducer. which varies 
the position of the controlling potentiometer in direct 
ratio to the 3-15 psig output of the controller. 
Adaptation of the Hydramotor to an electroni: 
control system is accomplished by running the pump 
continuously (or until it reaches limit switches) and 
controlling the rate of flow through the relief valve. 
feedback 


stem position and the relief valve flow rate. 


Continuous balance is maintained between 


Mason-Neilan Series 250 Actuator 


The Series 250 Electrohydraulic Actuator (Fig. 26) 
is especially suitable where electronic controls are 
now in use or projected, as for example. in petroleum 
or gas pipeline stations. Premium dynamic perform- 
ance is obtained by electrical feedback. which assures 
repeatability, linearity and load sensitivity, resulting 
in precise positioning, The unit provides stroke of up 
to 4 inches and develops up to 3500 pounds thrust. 

All parts, except the motor and pump, are contained 
in a two-piece cast aluminum housing divided into 
-Vol. 31 
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FIG. 27. SERIES 250 


FIG. 28. RESPONSE 


3 


4.8 ma commar 


wet and dry sections. The wet section contains a four 


way pilot valve. ram. filters and a linear variable dif- 
ferential transformer. It also serves as the hydraulic 
fluid sump. The dry section contains the torque motor. 
excitation transformer, position potentiometer and 
electrical circuitry. The dry section is isolated from the 
wet section by a flexible seal. 

Performance data are as follows: 


STROKE SPEED is 1/3" per second from no load to 2800 Ib 
load. Stroking range is adjustable from '/4" to 4". 

MAXIMUM (INSTALLED) THRUST is 3500 Ib. 

LOAD SENSITIVITY (stiffness) is less than 0.5°% of stroke 
for load of 2800 Ib. 

POSITIONING ACCURACY (repeatability) is within 0.002" 
at constant load. 


LINEARITY is within 3° of stroke. 


Fig. 28 shows the response of the Series 250. The 


curves were run with a low-amplitude sinusoidal input 
viving an actual stem motion of 0.030”, 


Midwestern Model 80 Servo Valve 


This unit (Fig. 29) is the newest addition to Mid- 
western Instrument’s servo product line, Features in- 
clude single-stage construction and_ reliability with 


linear static flow characteristics; a pressure-balanced 


ror 





FIG. 29. MIDWESTERN Mode! 80 servo valve with 


actuator. 





FIG. 30. RESPONSE of 


Rated flow is 1.0 


slide plate is driven directly by a high-force torque 
motor, The single-stage construction eliminates the 
high quiescent flow that is required for the first stage 
of a two-stage servo valve. 

Frequency response in the order of 90° at 340 eps 
(Fig. 30). 

Performance characteristics are good when operated 
on either oil or air; the pressure bearings in this unit 
eliminate the “galling” problem of spool-type valves 
when operated on air. 

It can operate at low supply pressures without de- 
terioration of performance characteristics. By contrast. 
two-stage servo valves which depend on a hydraulic 
amplifier for the first state exhibit a deterioration of 
performance below 500 psi. 


Moog Valve Electrohydraulic Actuator 

The Moog Valve Company has developed and built 

a prototype electrohydraulic valve actuator (Fig. 31) 

with dynamic performance closely approximated by 
the following equation: 

Y , l 
7 (sh aie , ee een nee 
i _ (s/on)? 4+ 2f/on)s + 1 


where o, — 9 cps (56 radians/sec); f = 0.71. 





FIG. 31 MOOG 


aCTrOr 
ectro rau 


The actuator provides the following performance 
specifications: 

Maximum Thrust: 1500 Ibs 

Maximum Piston Velocity: 4.4 inches per second 

Piston Stroke: | inch 

Input Control Signal: 1-5 milliamperes 

Operating Pressure: 750 psi 

Linearity: 0.5% of stroke 

Frequency Response at 5 cps: Phase shift is 45° ; 
amplitude ratio is 0.95. 

Frequency Response at 11.5 eps: Phase shift is 90 
amplitude ratio is 0.71. 


Swartwout "Thermo-Drive" Actuator 


The Swartwout “Thermo-Drive” electrothermal 
actuator (Fig. 32) operates on a principle that dif- 
fers completely from other combination actuators. The 
actuating force is the vapor pressure of Freon. 

The Freon is shown as the shaded area in Fig. 32. 
A heater immersed in the Freon heats the Freon so 
that vapor is produced in the area just below the pilot 
valve shown. The vapor pressure determines the pres- 
sure (P;) which exists in the volume around the 
bellows. which pressure acts downward on the stem. 

The pressure in the volume immediately above the 
pilot valve will be a lower pressure (P2) owing to the 
lower temperature of the Freon in the cooling lobes, 
which are in contact with radiating cooling sections. 
Thus the pressure available to force the valve stem 
down depends on the action of the pilot valve. If it - 
opens, the pressure is reduced; if it closes the pressure 
builds up. 

This force is controlled by action of the force coil. 
which receives the d-c input signal. Feedback force via 
the spring (shown schematically) gives linear response 


October 1958—Instruments & Automation—Page 1673 




















FIG. 32. NE 
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In action. a d-e signal moves the force coil slightly. 
If the pilot valve closes. pressure builds up in’ the 
actuator volume. moving the stem downward until 
the spring feedba k force exactly equals the d-« signal 
force: if the pilot valve opens. vapor enters the cooling 
volume. pressure on the actuator is reduced. and the 
stem moves up until the foree-coil force and spring 
force are again exactly in equilibrium. The 
hellows is designed so that it exerts an upward force of 
300 Ibs when fully compressed. 

The actuator linearity is not affected by ambient 
temperature, radiant heat. or weather so that the in 
ternal heat-balance principle accurately reflects the 
control signal. All moving parts are not only her 
metically sealed but completely submerged in a non- 
corrosive dielectric fluid which is non-explosive. non- 
flammable, and non-toxic. The actuator is suitable 
for Division 1 applications. 

The stem retracts on power failure. The power 
supply for the heater is 115 v. ac or de. unregulated 
and noncritical. 

Response specifications include: 

Response Speed: O.1 inch per second, 

Max Stem Loading: Actuating force is 500 Ibs op- 
posed by 300-pound return spring force. 

Stroke: 1.5 inches. 

Input Signal: 1 to 5 ma de: 
12.000 ohms. 

Sensitivity: 0.1% of input range. 

Load Sensitivity: Less than 1.5% displacement 


input resistance is 


produces full rated thrust. 


Swartwout-Autronic Actuator 

Swartwout Autronic Type P2R Power Relay 

33) is an electropneumatic transducer) which 
converts direct current into proportional air pressure 
to operate pneumatic valves. It is a null-balance unit 
in which a magnetic force is balanced against the 
force produced by the air output pressure from the 
pneumatic pilot to obtain an accurate linear relation- 
ship between the electrical input and air output. 
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34. RESPONSE 


The electrical portion of the power relay consists of a 


3) and 


moving coil in a permanent magnet field (Fig. 3: 
is adjusted so that the d-e current input of 1 milli- 
ampere will cause 3-psi air output, and an input cur- 
rent of 5 milliamperes will cause 15-psi air output 
with a direct-acting power relay. The coil is con- 
nected solidly to a lever which transmits a force to 
the air portion of the power relay. Unit is available 


with other air outputs—namely, 3-2 


7 psi and 6-54 psi. 
Explosion-proof as well as standard constructions are 
available. 

Fig. 34 shows the response of the power relay at 


various values of external volume. 








LEWIS G. BURNELL 
Burnell & Co.. Inc. 


Phase Relations 
in Delay Lines 


NY device which has a phase characteristic de- 

pendent on frequency can be used as a delay 
network. This follows from the definition of delay 
which can be expressed in terms of the slope of the 
phase shift curve versus frequency, expressed in radi- 
ans per angular velocity. 

The relationship for constant-delay networks (such 
as delay lines, low-pass and band-pass filters) is as 
follows: If the phase slope d¢é/dw is constant, then 
the instantaneous delay also is constant. 

Fig. 1 shows the curve of phase versus frequency of 
a full section low-pass filter. The phase angle is given 
by sin @/2 = f/f. For small angles the delay as given 
by the tangent to the curve is relatively constant: but 
as f is increased the delay increases considerably and 
is theoretically infinite at the cutoff frequency f,. 

This curve can be straightened out for a large 
part of the range (b in Fig. 1) by adding a phase- 
correcting network. The instantaneous addition of the 
ordinates of both curves would produce a phase curve 
essentially linear for a large frequency excursion. 

The same method can be applied to a band-pass 
filter whose elementary section is shown in Fig. 2. 

However, it is not economical to manufacture band- 
pass filters with complex elements and phase-corrective 
networks because of the large number of elements 
necessary to produce a satisfactory attenuation curve. 
It is better to combine the best features of rapid 
attenuation with phase linearity. 

This is done in a new telemetering filter that uses 
essentially the lattice network shown in Fig. 3, modi- 
fied for use in unbalanced-line three-terminal net- 
works. The attenuation curve shown is for an RDB 
channel 12 (10,500 cycles). The delay at the center 
is approximately 1.3 milliseconds and holds to better 
than 5% over the pass band. 

Toroidal cores are used to achieve low insertion 
loss. The core materials are compounded to meet the 
frequency range desired for the given application. 


7 


FIG. |. PHASE VS FREQUENCY for a typical low-pass 
filter (a). Curve (b) shows improved linearity from ad- 
jition of phase-correcting network. 
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FIG. 2. BAND-PASS FILTER and ‘ts phase response 
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FIG, 2. LUMPED-CONSTANT ce 


ELAY LINES have come into prominence only 

within the last few decades. but at present are 
marketed by nearly a hundred companies in the 
United States for a gross volume of several million 
dollars. 

Delay lines are basically information storage. ele- 
ments and can be used in many ways-—from the simple 
delay of an oscilloscope signal until the sweep circuit 
is established to the application of auto-correlation 
techniques for detecting small signals in noise. 

The basic types of delay lines are: 


A. Transmission lines 

B. Distributed constant or wirewound 

C. Lumped constant or artificial 

D. Ultrasonic 

E. Semiconductors 

G. Simulated types—tape or wire recorders, me- 
chanical programmers, etc. 


Transmission lines 


Transmission lines of all types. from power lines 
to waveguides. will delay a signal for a time almost 
equal to the line distance divided by the velocity of 
light. Distortion will be small if (1) the losses are 
low at the frequencies involved. and (2) the line is 


properly terminated to prevent standing waves. 


Distributed Constant or Wirewound 

These delay lines (Fig. 1) have been developed 
from the Coaxial transmission types. but the velocity is 
slowed down by increasing the capacity and inductance 
per unit length by using materials with high dielectric 
or permeability constants. The range of suitable low- 
loss materials is limited. although the barium titanate 
ceramics and ferrites developed recently give con- 
siderable improvement. 

The most common technique is to use a coaxial- 


type structure in which the inner or outer conductors. 
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ov both. are solenoids rather than continuous surfaces. 
The inductance per unit length ean be built up to large 
values. but the interturn capacities act as shorting 
capacitors along the helix and the performance with 
frequency falls off long before -reaching the upper 
limit determined by the natural resonant frequency 
of each turn. 

Kallman® has improved the performance of these 
wound delay lines by placing conducting strips be- 
tween the inner and outer conductors and insulated 
from them. This has increased the distributed capaci- 
tance without serious distortion, and delay lines with 
10-20 Me bandwidth and delays of 1-2 microseconds 
per foot are available. 

\ more recent technique!’ is to wind the helix so 
that the plane of each turn is at a considerable angle 
with the axis. The relationship between the mutual 
and self inductance of each turn then compensates 
for the phase distortion more adequately. The mathe- 
matical analysis of these types is still being evolved 
and further improvements may be expected. 


Lumped-Constant or Artificial Delay Lines 


These are the oldest types known and were intro- 
duced by Steinmetz in the early days of telephone work 
to compensate for phase distortion in the transmission 
lines, Structurally they are made up of separate re- 
sistance, inductance and capacitance elements in a 
symmetrical T or Pi network which can be repeated 
in identical sections throughout the line except for the 
terminating sections (Fig. 2). 

The design of these lines is straightforward and 
similar to that of filters. Each element or section can 
introduce a phase shift in the signal which is additive. 
At a particular frequency f, the delay is ¢/2z7f, where 
¢ is total phase shift. 

Artificial lines can be band-pass, low-pass or high- 
pass types and are designed to meet specific impedance 
or loss characteristics. Because of the discrete character 
of the reactive elements. linear phase change cannot be 





of Delay Lines 


DAVID L. ARENBERG 


Arenberg Ultrasonic Lab.. Ine. 


maintained over a wide range of frequencies and 
signal distortion occurs, with a definite cutoff or upper 
limit to transmission. Dividing the line into small 
sections of equal delay improves the performance and 
the upper limit. In the limiting case. the line resembles 
a distributed-constant type. 

The design of these lines often has followed the 
theory for filters of Tshebysheff and Butterworth. and 
various criteria based on CW analysis have been used. 
Selection on the basis of transient response will lead 
to different values; the importance of this should be 
recognized. 

While most of the delay: lines are used in low- 


power applications representative of communication: 


problems, the lumped-constant types are used frequent- 
ly in high-power pulse-forming networks because the 
large capacitors can store considerable energy. The 
delay lines in some radar systems can handle mega- 


watts. 


Ultrasonic Delay Lines 


These came into being during World War II for 
radar and computer applications. Their basic charae- 
teristic is that the signal is a mechanical wave in a 
solid or liquid. although a gas might be used. The ad- 
vantage is that the velocity of sound is about 1/200.000 
that of light, permitting compact designs. The sound 
wave is generated by a transducer at the input (Fig. 
3). which converts electrical energy into mechanical 
energy: another transducer at the output converts the 
received sound back into electrical energy. 

The transducers are piezoelectric crystals (usually 
quartz with some applications using barium titanate) 
cut to generate either pure longitudinal or transverse 
modes. Although it is possible to apply the signals 
directly to the crystals, more faithful reproduction of 
the envelope of the information is achieved by using 
the signal to modulate a carrier wave at about the 
center frequency of the transducers. This is due to 
the fact that the output of the erystals is the derivative 


FIG. 3. ULTRASONIC DELAY LINE, 


ind beam. 


of the applied force: as the derivative of a sinusoidal 
wave is always another sinusoid. the second derivative 
of the modulated carrier will follow the input envelope. 

With proper construction an ultrasonic delay line 
can have a bandwidth of 50-70°C of the carrier fre- 
quency even for long delays: a 25-30 Me bandwidth 
at 1.000-sec delay has been achieved. The output also 
is linear over at least an 80-db range, while ripples 
in the passband and supernumerary reflections ot 
signals can be kept down to levels of 60 db below the 
main delay. These properties. plus extreme stability 
and low temperature coefficient when a solid medium 
is used. make the ultrasonic delay line most useful 
when extreme fidelity of signal must be achieved. 

The major disadvantages are (1) a high relative 
insertion loss. mainly due to the low efficiency of 
available transducers and (2) high cost. especially for 
the shorter delay times. The material for the larger 
sizes of fused quartz not only costs $90 to $160 per 
lb but must be ground with optical precision in a 
rather complicated manner. 

Some solid lines are made of transparent materials 
that provide a variable delay by using a photoelastic 
pickup which detects the sound wave passing through. 
Certain designs use surface waves generated in solids: 
the pickup crystal or crystals can be adjusted to change 
their distance and delay time from the transmitter. 
In general. these variable delay lines do not have the 
handwidth or freedom from distortion of the fixed 


types. 
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Liquid lines of mercury and water have been made 
but applications which require a variable delay are 


seldom used now. 


Magnetostrictive Delay Lines 

These resemble ultrasonic lines in that a mechanical 
wave is generated in a solid. The medium has to be 
ferromagnetic. with a large magnetostrictive coefficient 
for efficiency. 

The transducers are compact coils of wire placed 
along the line (Fig. 4). When a signal current is ap- 
plied. the magnetic field generated produces a mechani- 
cal distortion in the medium which is transmitted as a 
transient wave to the receiver. There the distortion of 
the medium changes the magnetic field and produces 
an electric current which is amplified and detected. 
Like ultrasonic transducers. the magnetostrictive ones 
differentiate the input signal and a carrier can be used 
to limit distortion of the signal envelope. However, be- 
cause it is difficult to confine the magnetic field of the 
coils to less than one wavelength of the sound waves 
(approx. 0.020” at 10 Mc), and because ferromagnetic 
material absorb highly at megacycle frequencies, the 
use of a carrier is limited. 

In many applications the medium is in the shape of 
fine wires to permit coiling into a compact shape. This 
introduces a change velocity with frequency and 
further limits the bandwidth. In general a 2-5 Me 
bandwidth, depending on the delay and distortion 
permissible. can be considered the upper limit. 

A fixed magnetic field is usually applied to improve 
linearity of response because the magnetostrictive ef- 
fect depends on the square of the field. 

Magnetostrictive delay lines are coming into promi- 
nence because of ease of manufacture and of varying 
the delay. The latter only requires the addition of 
more pickup coils. 

As magnetostrictive lines can be used best with a 
high-current low-impedance source, they are naturally 
associated with transistors and have many applications 
in the digital computer field. Crystal diodes are used 
to reshape the pulses, 
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Semiconductors 

Any change in the relative energy status of a system 
produces a transient which takes time to travel from 
one point to another, introducing the possibility to use 
as a delay line. Heating a rod at one end and observing 
temperature fluctuations at the other is an example. In 
the same class of processes that have been considered 
seriously are the movements of ions in an electrolyte 
or a vacuum system, and the drift of minority carriers 
in an electric field in a semiconductor. 

Unlike other situations, the drift delay time can be 
adjusted by varving the field and the velocities are 
lower by several orders of magnitude. Most of the 
work has been theoretical and the initial studies have 
indicated severe limitations. MeCue'! in a Lincoln 
Laboratory Report “Semi-Conductor Delay Lines.” has 
developed equations for the delay and rise time that 
can be expected. At room temperature. independent 
of type of semiconductor, a delay of 10 psec can be 
achieved with a rise time of 1 psec; at lower tempera- 
tures both are shorter. This ratio depends only on the 
temperature and the potential difference through 
which the carriers drift. 


Mechanical Delays—Tape Recorders 

An analog equivalent of a delay line can be achieved 
by recording the signal on a tape or other device and 
reproducing the signal at some later time. While 
not strictly a delay line. this technique has many 
conveniences. such as controllable delay. 

The bandwidth per tape is necessarily narrow but 
the input signal can be split in several bands and 
recorded on different tapes to be recombined later. 
The signal can be observed in real time if the pick- 
up head follows the input heads. With a closed loop 
system, erasing the signal allows continuous operation. 
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De» LINES have many applications, as 
shown in the following table. For each ap- 
plication there will be found one type which imay 


prove most satisfactory. 


A. Timing Elements 
1. Time Delays 
2. Time and Range Markers 
3. Frequency and Time Interval Generators 
4. Navigation 


Computers 

1. High Speed, Multipurpose 
2. Digital, Special Purpose 
3. Analog 


. Radio and Radar 

. Moving Target Indicators 

. Integrators for Signal to Noise Improvement 

. Filters 

. Range Markers 

Coding of Servomechanism Commands 

Radar Target Simulators 

Auto-Correlation Techniques 

. Television 

. Pulse Forming Networks 

. Compensation Networks for Multichannel Com- 
munication Systems 


@) 


| 
2 
3 
4 
5. 
6. 
7. 
8 
9 
0 
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Timing Elements 

In these applications, the major requirements are 
for an accurate. stable delay with a sharp rise time. 
Fidelity of input signal is not always required and 
often the fall time or subsequent signals are not im- 
portant. Delay lines are used because these are more 
stable in these respects or less costly than other timing 
devices in the microsecond range. 


FIG. 1. TRAIN of reflections for range markers. 


DAVID L. ARENBERG 
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OF DELAY LINES 


|. Time Delays of various sorts are needed in many 
electronic circuits. The starting time for the sweep 
circuit of a CRT is a problem if the initial part of a 
signal is to be observed. The solution has often been 
to use a high-fidelity line to hold back the signal until 
the sweep has stabilized. In other instances the trigger 
for the sweep may be delayed by a lower quality 
line before being used to excite the signal source. 

The simplest applications are to hold back one of 
two parallel channels until a transient condition in one 
or the other has died out. Where the parallel channels 
join at both ends. not necessarily in a feedback loop. 
the delay time in each channel inherent in the cir- 
cuits also may have to be compensated for exactly. 


2. Time and Range Markers. Delay lines offer a 
means for obtaining at least one fixed signal after a 
viven event at little cost. Where the line has little 
loss or distortion, and is unterminated, a train of re- 
Hections may occur at fixed intervals from the initi- 
ating pulse (Fig. 1). These intervals are even or odd 
multiples of the delay time. depending on whether the 
input or other end is used as the output. Because of 
their greater bandwidth and freedom from distortion. 
ultrasonic delay lines are most commonly used for 
range markers. 

3. Frequency and Time Interval Generators. By 
feeding the output from a delay line through an ampli- 
fier and reshaping circuit before putting it back into 
the delay line. a stable frequency generator is formed 
whose period is that of the delay in the line and 
circuits (Fig. 2}. By using gates and coincidence cir- 
cuits, this frequency may be counted down to lower 
values. 

If different delay lines are used in cascade, or with 
taps in different positions. a wide range of frequencies 


FIG. 2. PULSES from a frequency generator 


delay line to determine the period. 
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and time intervals are available. These always will be 
locked together with respect to some initial time and 
be free of phase variations or drift in the electronic 


circuits. 


4. Navigation Aids. At least one navigational s\-=- 
tem similar to Loran used delay lines in the milli- 
second range during World War II to aid in piloting 
by artificially extending the base line between two re- 
ceiving stations. This system was known as H2\ and 
used an ultrasonic line filled with water. 


Computers 


Computers were one of the original fields for which 
delay lines were specifically designed and had much to 
do with the development of the ultrasonic types. 


1. High-Speed Multi-Purpose Digital Computers 
require a great deal of storage or memory capacity. 
If one considers the type of operation of a serial ma- 
chine which performs such an operation as multiplica- 
tion of numbers in succession. digit by digit. of the 
multiplier operating on the multiplicard, the need for 
storage is made clear. To take the product of 34 x 26. 
the machine multiplies 34 x 6 and gets a partial prod- 
uct of 204; then proceeds to multiply 34 x 20 to get 
the second partial product of 680. Before starting the 
second multiplication. the first product must be cleared 
from the multiplier and put in storage until the sec- 
ond is obtained. By converting the numbers into digital 
form and then into a train of pulses whose time inter- 
val is constant but whose amplitude is either 0 or 1. 
the numbers can be put into a delay line. The delay 
time is sufficient to allow the second multiplication to 
be performed. The two partial products are then added 
and the sum put back into the delay line if a third 
multiplication is to occur. 

Even with parallel machines, temporary storage is 
often required for other operations: ultrasonic delay 
lines of several hundred microseconds with capacities 
of over 10 pulses per microsecond have been used. 

At present. however. the newer computers are turn- 
ing to other devices. such as ferrite cores. which have 
the advantage of a lower random access time, and a 
permanent storage.. (If the power it cut off from a 
delay-line memory. the numbers are lost.) The shorter 
delay lines of the lumped-or distributed-constant type 
are still being used extensively in the switching, logic 
and coincidence circuits of the computers. 

2. Digital Computers—Special Purpose. Many of 


the smaller computers designed to handle specific prob- 
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lems where the input rate. size of the numbers and 
the type of program to be run can be controlled closely. 
-till find ultrasonic and magnetostrictive delay lines 
to be the most efficient. In these cases the random 
access time can be calculated and the delay line set 
to this value. The problems run are not so long that 
the possibility of a power failure is serious. 

One of machines in 
Hutchinson-Searrott Pulse-Height 
nuclear energy work: other machines of desk size are 


these common use is” the 


Analyzer used in 


being developed. 


3. Analog Computers have two types of needs for 
delay lines. The first is for svnthesis of certain wave- 
forms which can be generated by combining the proper 
delay lines: the second is to change the time scale at 
which the data are manipulated. The latter in particu- 
lar will require ‘a high-performance line with little 
distortion. For many of these purposes, variability by 


cascading or tapping is important. 


Radio and Radar Applications 


The various types of pulsed operation in’ radio 
and radar equipment led to the development of many 
forms of delay lines. In- particular. radar has re- 
peatedly emphasized the need for higher quality from 
the first when mainly 
in the pulse-forming networks of the modulators. 


days delay lines were used 


|. Moving Target Indicators (MTI) provided the 
first need for ultrasonic delay lines and has since. al- 
ways stressed the dual requirements of long storage 
time and pulse reproducability. 

The basis of performance for an MTI kit is the 


separation of small moving objects from a background 
of larger fixed objects by the relatively small shifts in 


phase and amplitude of the returned signal on sue- 
cessive pulse. 

The process consists of storing a complete set of 
echoes from one pulse for a period between pulses 
and then subtracting this from the next pulse (Fig. 3). 
If conditions have nét changed much due to various 
factors such as rotation of the antenna, all signals 
from fixed targets will have the same envelope at the 
same time and the successive pulses will cancel. In 
places where an object has moved radially with re- 
spect to the transmitter complete cancellation will 
not occur and a small residual signal will appear. 

Working radar MTVs have cancellation ratios of 
over 40 db. which means that fixed targets can be 
reduced by a factor of 100 to 1. 
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2. Integration for Signal-to-Noise Improvement. |}y 
altering the MTT kit so that successive pulse trains add 
instead of cancelling. random fluctuations can be re- 
duced in relative value. This process. known as inte- 
gration, occurs. when the signal is of relatively con- 
stant phase and amplitude so that a series of M terms 
will have a sum of M times that of one (Fig. 4). 


3. Filters. Since each delay line has a characteristic 
bandpass, it can act as a filter. When terminated 
properly, the filter will have the same band width for 
CW operation as for pulses. An unterminated delay 
line with strong reflections or one in a wide-band 
feedback loop will have many resonances in the pass- 
band that are spaced at harmonic intervals of the re- 
ciprocal of the delay time. When an observed signal 
has components at the corresponding harmonics. which 
occurs when the inter-pulse period equals the delay 
time for a long interval. the signal-to-noise ratio will 
he improved on passing through the delay line. 

The process is that of integration where the signal 
components are stored and the random noise compo- 
nents discriminated against. The characteristic band- 
pass showing equally spaced. narrow peaks of equal 
amplitude is known as that of a “comb-filter” and has 
been made up of separate resonant circuits (Fig. 5). 
However, the delay lines can be arranged more effec- 


tively for the same purpose. 


4. Auto-Correlation Techniques form a distinct ap- 
plication for improving the signal-to-noise ratio by 
using delay lines. The auto correlation function F iv) 
of a time-varving function E(t) is formed by taking: 


Fiv) KitvE«t + vidt 


where v takes on all values of t and represents a delay 
in the values of E(t) being multiplied. If E has any 
periodicities in (t). the only values of Fiv) which 
will be non-zero. will be near corresponding values of 
v. In operating in real time, the incoming signals are 
fed into a delay line and tapped off at many points to 
form a continuous set of values of E(t +- v). The time 
to reach a certain signal-to-noise level is the same as 
that for a single tuned high-Q circuit to respond 
to a weak signal. but the auto-correlation method has 
the advantage that it will respond equally well to all 
frequencies. 


5. Coding of Servomechanism Commands. When 
pulses are to be sent over a communication link that is 
noisy or can be jammed. certainty of behavior can be 
increased by sending the command signals as a series 
of pulses with definite spacing. The receiver has a set 
of parallel delay lines corresponding to the spacing 
through which all the signals pass (Fig. 6). The 


output from the lines are fed to a set of coincidence 
cireuits that will only trig the final stage when 
all the delay line outputs have a signal at the same 
time. The probability of a wrong command being re- 
ceived is then reduced by the nth power of the prob- 
ability of a single signal if n lines are used. Such a 
system takes more time to execute a command but re- 
quires less bandwidth than other redundant techniques. 


6. Radar Target Simulators. One problem in train- 
ing radar operators is that of duplicating the signals ap- 
pearing on a CRT without making an airplane flight 
or a cruise at sea. By using an ultrasonic delay line. 
both fixed and moving targets ean be made to appear 
realistically in the proper noise environment. 


7. Range Markers. These have been discussed. 


8. Television supplies many opportunities for the 
use of delay lines in timing. pulse shaping, and re- 
arranging of pulses. There is one unique application 
which has not yet been fully applied. This is the re- 
duction of bandwidth needed at present to carry a 
clear picture. A present about 4-Mc video bandwidth 
is needed to change from completely black to white 
in the time taken by the scanning spot to move its 
own diameter. This is the maximum rate of change but 
is seldom required since actual changes in light in- 
tensity are usually more gradual. not only from spot 
to spot. but from line to line and to some extent from 
frame to frame. By storing the signals in a delay line 
and comparing them with corresponding values in 
nearby locations somewhat as ‘is done in radar MTI 
work. only the differences are retained. The small 
differentials are used to modulate the carrier in a 
narrow frequency range and at the receiver. a similar 
delay line system with integrating circuits is used to 
reconstitute the signal to its original values. 


9. Pulse-Forming Networks. These come in many 
sizes and power ranges A current source E is used to 
charge capacitors, which are discharged through the 
delay line. The pulse shape is the result of proper 
design, and the number of sections will vary with the 
pulse length, rise time. and flatness desired. 


10. Compensation Networks for Multichannel Com- 
munications Systems. These include the oldest appli- 
cations of delay lines and were first introduced to cor- 
rect for phase shifts with frequency in transmission 
lines. Their need is still present in instances such as 
transcontinental transmission of television where the 
video and audio signals may be sent over different links 
and have different delays. Compensation delays are 
added to restore time coincidence of the received 
signals, 
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HOW TO BUY A 


DELAY LINE 


Delay time, rise time, impedance, distortion and attenuation 
are the basic delay-line characteristics. Here are definitions 
of these terms, feasible limits, and the other factors the 


OUTPUT 
PULSE 


a (typical 


! 


RODERICK YARD 


hESC Cor poration 


buyer should know and include in his delay-line specifications. 


HEN ORDERING a delay line, the engineer 

should provide all available information as to 
the characteristics of the signal to be transmitted, such 
as the delay time, rise time, characteristic impedance, 
distortion, and attenuation (see Fig. 1). Packaging 
requirements, temperature ranges for operation, and 
required -environmental conditions should also be 


specified. | 


Delay Time 

Delay time is the elapsed time between the 50° 
amplitude point of the input-pulse leading edge and 
50% amplitude point of the output-pulse leading edge. 
These points can be determined relatively accurately 
on the pulse and, therefore, the time delay can be 
measured more accurately at these points than at other 
points, 

The time delay determines the length of time infor- 
mation can be stored. It determines when coincidence 
shall take place or. in the case of a pulse-generating 
circuit, the width and characteristics of the pulse 


formed. 


Tolerance 

It is common practice to manufacture delay lines 
with a 5% tolerance, but units can be manufactured 
with tolerances of 1° or, depending on the delay, as 
small as 0.01 psec absolute delay accuracy. These 
measurements are reliable only when the point on 
the leading edge of the input and the leading edge of 
the output pulse can be determined accurately. 

Many engineers specify a large number of taps in 
an attempt to solve a tolerance problem, or when the 
exact delay is not known. While this is satisfactory for 
laboratory application, the unit often goes into  pro- 
duction with these taps, raising its price. 


Rise Time 
The rise time of a delay line is generally defined as 
the elapsed time between the 10% and 90% amplitude 
level of the leading edge of the output pulse, assuming 


a step function input, 
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Where the input pulse has a finite rise time, a net- 
work rise time can be expressed as follows: Rise time 
of the network is equal to the square root of the square 
of the output-pulse rise time minus the square of the 
input-pulse rise time: 

t.? — t..2 —t,2 

Rise time is another way of expressing bandwidth 
of the delay time. Delay-line bandwidth (in mega- 
cevcles ) is equal to 0.36 divided by the rise time 
(usec): 


BW { Mi ) 


This gives the approximate 3-db bandwidth of the 


O.56/t, (usec} 


delay line. 

The bandwidth of the delay line determines the 
fidelity with which it reproduces a given input. If all 
of the frequency components of the input pulse or in- 
put signal are within the passband of the delay line, 
the output is a high-fidelity reproduction of the input. 

Rise time is perhaps the most abused specification 
that the component engineer determines. A component 
engineer often will overspecify his rise time not realiz- 
ing that this is the major source of difficulty en 
countered in the manufacture of delay lines. 

Rise time also can be measured as the slope of a 
line passing through the 50° point. This introduces 
certain difficulties. however. in the event of distortion 
in the pulse. It is possible for such a slope measure- 
ment not to be indicative of the pulse rise time o1 
bandwidth of the delay line but, rather, of a small 
portion of the pulse. 

Until recently most available delay lines had achiev- 
able rise times in the order of 3¢¢ of the time delay. 
This means that for a 10.0-psec delay line the best 
practical rise time achievable would be 0.3 «sec. 
Owing to limitations placed by capacitors and coils, a 
bandwidth in the order of 30 to 40 Me is the most 
that can be obtained in lumped-constant lines; band- 
widths of greater than 40 Mec usually require delay- 
cable techniques. Such techniques result in extremely 
large bandwidth, but are inefficient in terms of vol- 
ume. (ESC Corporation has recently completed a suc- 
cessful development of a delay line whose time-delay/ 





rise-time ratio is in the order of 145:1; while this 
development represents the limit of the state of the 
art at present, it does not preclude the possibility of 
designing delay lines with even greater time delay/ 
rise-time ratios, but at large expense.) 

It is to the system engineer's advantage if he can 
reduce his rise time or bandwidth requirement to a 
minimum because every bit of reduction saves con- 
siderable money. He also improves the ability of the 
delay line manufacturer to deliver him a delay line 
which is more realiable than one with an extremely 
high delay-time/rise time ratio. 

Generally it is better to specify the rise time of the 
delay line rather than the bandwidth. If only band- 
width is specified, then the only point that has been 
specified is that of amplitude response. The rise-time 
specification, moreover, is easier to measure than that 
of bandwidth because bandwidth data can be confused 
by mismatch of the delay line or by minor reflections. 


Characteristic Impedance 

Characteristic impedance of the delay line is that 
value of terminating resistance which provides mini- 
mum reflection to the input of the network. It is not 
a difficult specification to meet and generally does not 
require tight tolerances. 

Transmission-line theory shows that a line which 
is terminated in impedance much higher than its 
characteristic impedance can be made to show an ap- 
parent amplitude gain, while a delay line which is 
mismatched into a low impedance will show increased 
attenuation. 

Terminating a delay line with a pure resistance does 
not match the delay line optimally for all frequencies 
because a delay line will appear inductive or capacitive 
at certain frequencies, depending on the design of 
the network. For extreme applications it is thus neces- 
sary to terminate in a complex RCL network. How- 
ever, for most applications the delay line can be termi- 
nated in a pure resistance which is considered its 
characteristic impedance. 

During testing the input is observed to make sure 
that there are no reflections above a certain agreed 
amount due to mismatch, 

Impedance has little effect on the price of a net- 
work, but it does have considerable effect on the vol- 
ume; the higher the impedance, the larger the coils 
must be for a given network. Coils are volumetrically 
much less efficient than capacitors and, therefore, for 
a given time delay a 2000-ohm network generally will 
occupy more volume than will a 500-ohm or 1000-ohm 
network, 

The impedance tolerance should be looser than that 
for the delay time. Tight tolerances on both delay 
time and characteristic impedance result in very ex- 
pensive units. 

Many engineers forget that delay lines should be 
terminated in a characteristic impedance at both the 
input and output of the unit. This is necessary so that 
any discontinuities and reflections which occur along 
the line and which are transmitted to both the input 
and the output are not reflected again to increase the 
apparent amplitude of distortion. 


Distortion 


Any mismatch results in distortion. Distortion is 
expressed generally in percent and is equal to the 
peak amplitude of the distortion divided by the input 
amplitude (or the amplitude of the pulse at the point 
under consideration) times 100. Referring to Fig. 1: 

% Distortion = (a/E,) 100 

Distortion consists of two types—(1) that due to 
discontinuity along the delay line and (2) that due to 
ringing of various components within the line. Ring- 
ing distortion exhibits the typical characteristics of an 
overdamped circuit. Discontinuities exhibit short. 
sharp spikes, resembling noise to the point where many 
engineers refer to the noise level of the delay line 
rather than to the distortion figure. 

In addition to amplitude distortion there is also 
phase distortion (nonlinear delay of the various fre- 
quency components of a pulse or signal sent through 
the delay line). If there are different time delays for 
the various frequency components of the pulse, there 
will be a shift in the pre-emphasis (anticipating 
signal) of the pulse. It is generally easiest and most 
convenient to measure the phase distortion in terms 
of pre-emphasis. If pre-emphasis is excessive, the pulse 
will not come up to 100° amplitude within the fastest 
possible time. 

Generally it is possible to achieve delay lines which 
have approximately 10°¢ distortion assuming a step- 
function input. However, distortions as low as 1% 
can be achieved when using a pulse or signal whose 
highest frequency components are much less than 
those present in the network bandwidth. Here the 
bandwidth is larger than that required for the trans- 
mission of the pulse: this additional bandwidth is the 
price one must pay for reduced distortion. 

Distortion on the output pulse also is a function of 
the input rise time: the faster the input rise time. the 
greater the possible distortion. In delay lines with 
high attenuation ratios the apparent distortion is less 
because the reflection is rapidly attenuated. 


Attenuation 


\ttenuation is the difference in amplitude between 
the input and output pulse when the network is termi- 
nated in its characteristic resistance. The attenuation 
in db is: 


Atten (db) == 20 logy) E,/E, 


Other Factors 


A systems engineer who maintains the maximum 
possible tolerances on delay time and characteristic 
impedance. who permits his rise time to be the maxi- 
mum possible, and who has kept his attenuation and 
distortion to the largest possible figure, has specified 
a delay line which can be most economical to build. 

He should also specify any limiting mechanical or 
environment characteristics—size, weight, working 
voltage, operating temperature range, maximum stor- 
age temperature, and environmental conditions under 
which the delay line must operate. If he contacts his 
sources as soon as his problem comes up, user and 
manufacturer can work together to achieve a unit 
which will satisfy all requirements. 
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LELAY MT WORK CAN 
AL ADDED AT THis 
Poml TO LX TENO 
DELO TRIG PANGE 


TABLE 1. MEASURED DELAYS OF NOMINAL 
7.05-USEC AND 10.05-USEC DELAY LINES 


7,050 USEC. STD. 10.050 USEC. STD. 


PULSE GEA 


Date 


7.049 
7.056 
7.058 
7.053 
7.054 
7.052 
7.053 
7.056 
7.058 
7.054 
7.058 


10.046 
10.055 
10.052 
10.052 
10.052 
10.053 
10.052 
10.045 
10.048 
10.048 
10.047 


3/12/57 
3/13/57 
3/14/57 
3/14/57 
3/18/57 
3/18/57 
3/18/57 
4/24/57 
6/11/57 
9/ 5/57 
11/14/57 


FIG. |. TIME-INTERVAL measurement set-up. Cour 
ter is Hewlett-Packard HP 524B or equivalent: 
trigger is Tektronix |180SI or 

Tektronix 545 or equivalent: pulse 
ett-Packard 212A 
1S70AL 


marker 
equivalent: yes are 
generator is Hew 


r equivalent: regulat 








. Pig. 
Radi r equivalent: 





Time Interval Measurement 


This technique for measuring up to 
20-usec time intervals to 0.0L usec in- 
volves the successive counting of 


l-, 5-, 10-. and 


pr LINE: TESTING. requites accurate: mone- 
urement of time intervals to 10° second. The 


~0.010 psee in the range of 10 


desired accuracy was 
to 20 
order of 


usec. This is a percentage tolerance on the 
+ (0.060% . 

Actual measurements using delay lines over a period 
of approximately one year are represented in Table 1. 
(Several different individuals made the readings with 
considerable interchange of equipment from date to 
date.) It appears that repeatability is better than 
+0.005 psec (this includes any variation in the units 
being measured). Correlation with other laboratories 
using different systems indicates there is some dis- 
crepancy other than repeatability, but the reason has 
never been discovered. The correlation error is ap- 
proximately + 0.015 psec. but still leaves a total error 
figure of about 0.1% maximum. 


Instrumentation 


The set-up shown in Fig. 1 is the one used to meas- 
ure delay lines. The counter provides a running check 
on the crystal frequency of the marker trigger unit. 
The marker unit is used to trigger both scopes and the 
Vol. 31 
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50-Me markers. 


pulse generator, and to provide all markers used for 
measurement. 

Scope | monitors the input pulse with respect. to 
zero time reference. This is necessary due to both the 
displacement of markers within the marker unit (see 
Fig. 2) and drift in the trigger circuit with respect to 
the input pulse. Drift of the 50-Me markers with re- 
spect to the A trace appears to be simultaneous on both 
scopes, but is relatively slow and can be corrected by 
horizontal positioning at the time of the reading. Drift 
of the pulse-generator circuit with respect to the mark- 
er trigger can amount to 4% cm. This is also a slow 
drift and may be corrected at the time of the reading. 
Scope 2 presents the output of the network being 
measured, The voltage regulator improved drift: char- 
acteristics. 


Measurement Technique 


Fig. 3 shows the successive steps in a typical 
measurement of 11.307 psec. Using |-ysec markers, 
position the desired zero time reference (in this case 
the 50% point of the leading edge of the input pulse) 
approximately in the center of scope L. Momentarily 
place the probe of scope 2 at the same point as the 
probe on scope L (input to delay line) and adjust the 











FIG. 2. DISPLACEMENT OF |-Mc, 5 Mc, 10-Mc ar 


50-Mc markers in marker trigger unit. Scope sweep i 


).02 c/cm ; displacement between | usec ana 


disolacement between 5 and 10 


displacement between 10 and 50 Mc 


To 10° Second 


RODERICK A. BREW 


Richard D. Brew and Co.. Ine. 


delaved sweep so that the same L-ysec marker appears 
on both scopes, as in A of Fig. 3. 

Replace the probe from scope 2 on the output of the 
delay line. Vary the delay time multiplier slowly. 
counting the |-ysec markers until the [1-usec marker 
preceding the output signal is in the same relative 
position on scope 2 as the zero reference |-sec mark- 
er appears on scope | (see B). 

Switch the marker generator to 0.1-~sec markers as 
shown in C. It is not necessary to re-adjust the hori- 
zontal position to center the markers only be sure 
that the relative position does not change. Vary the 
delay time multiplier slowly. counting 0.1-~see mark- 
ers. until the 11.3-usee marker preceding the output 
signal is in the same relative position on scope 2 as 
the zero reference O.1-ysec marker appears on scope | 
(see D). 

Switch the marker generator to 0,02-~see (50-Me) 
markers as shown in FE. The horizontal position of 
scope | should now be adjusted so that the desired 
zero reference on the trace will be centered on the 
scope. The 0.020-~sec marker which previously rep- 
resented the zero reference will now have shifted to the 
right or left (see F). Shift the corresponding marker 
on scope 2 a like amount. 


, AE YL {| 


EASUREMENT OF |! .307-usec delay. A and 
usec markers: C and D show 0O.1-usec mark- 


sec markers. 


Now. depending on the 50-Me marker accuracy, the 
center of the grids on scope 2 should represent 11.300 
usec. The additional difference between this point 
and the actual point on the trace to be measured 
should give the final reading of the desired time in- 
terval. Note that although it is possible to work on 
either the extreme right or left-hand of the grid for 
final measurement, it is best to stay within the limits 
on the center two centimeters and avoid errors due to 
parallax and nonlinearity in the sweep speed. It is 
also necessary, when making the final reading. to check 
the zero reference for shift. 


Errors 

The errors in such a measurement are limited to 
operator ability, the accuracy of the 50-Mec marker, 
and any possible displacement between trace A and B 
within the scope due to the delayed trigger circuit. 
Other points which may be useful in making measure- 
ments with the described set-up are: 

1. Momentarily shift sweep to 1 psec just before 
reading to make sure vertical positioning has not 
changed the 0 and 100‘¢ vertical reference on the 
scope. 

2. Switch off the 50-Mc markers at the instant of 
reading because some feed-through of the marker 
pulse on probe B to probe A may change the wave 
shape present on A. (Use probes on the 50-Mc mark- 
er connection to the marker trigger.) 

3. If in doubt of the measurement (errors are 
usually an even 0.020 psec as a result of picking the 
wrong marker). reverse the procedure and count back 
to zero reference. 
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TYPICAL ATTENUATION CURVE 
LFE #11445, SERIAL 327 
TERMINATION INTO 1000Q 
CAPACITY TUNED OUT AT ALL FREQUENCIES 
SPURIOUS _59db AT 30mc 
THIRD TIME 60db AT 30m 


y 





39 ++ -+¥—+—_+- ++ 


—r——r 
24 2 26 27 2 23 30 hw S32 
FREQUENCY ~mc 


FIG. 1. QUARTZ delay line with operatin 
30+ |! Mc room temperature, b 


delay time of 500 — | 


at 20°C. 


TYPICAL ATTENUATION CURVE 
LFE #6510, SERIAL 235 
TERMINATION INTO !1200Q 
CAPACITY TUNED OUT AT ALL FREQUENCIES 
SPURIOUS 604b AT 9mc 
THIRD TIME 4240 AT 9mc 


ao 


ON 


ATTENUAT 





y 
10 " 
FREQUENCY 


FIG. 2. MERCURY dela, 
t9M banawiatt Pesed 


RECENT DELAY-LINE APPLICATIONS 


HARRY H. LOCKHART 


Laboratory for 


Computer Use 


ERCURY DELAY LINES were used extensively 

in the early 1950’s in the high-speed large-scale 
general-purpose computers such as Univae 1, SLAC. 
and the English EDVAC. Several descendants of the 
SEAC. such as MIDAC and FLAC, also used the 
mercury delay line. These machines generally used 
several banks of lines using several hundred bits at 
a 1-Mc bit rate. 

Since that time use of the mercury delay line for 
high-speed internal storage in computers has generally 
disappeared in new designs (quartz delay lines were 
never used except in a few isolated cases). The tech- 
niques which displaced mercury delay lines are those 
using magnetic-core matrix storage and magnetostric- 
tion delay lines. These latter units are acoustic delay 
lines which do not use a carrier and are not suitable 
above a 1-Mc bit rate. 

Computer bit rates are now increasing to the 5-10 
Me range in some applications. There appears to be 
good reason to believe that quartz delay lines may 
become a suitable storage device at these higher hit 
rates. For certain applications in digital computers. 
the quartz delay line can be used without a carrier. 
thus making it competitive price-wise when delay ac- 


curacy is imporant, 
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Electronies. Ine. 


MTI Use 


\n airborne radar set recently was modified by 
adding an MTT channel. In this system, unipolar video 
is applied to a modulator where it is used to frequency- 
modulate a 15-Me carrier frequency which is then 
frequency doubled. Cancellation of fixed targets and 
detection of moving target is accomplished by delay- 
ing the return signal for a time equal to one repetition 
interval and then comparing it with the return signal 
associated with the subsequent period. The quartz 
delay line used operates at 30 Me and has a delay time 
of 500 microseconds (Fig. 1). The actual comparing 
of the two signals takes place in a type 6BN6 phase 
detector. 

Mercury delay lines (Fig. 2) also have been and 
still are used extensively for MTI operation. 


Locktest and Range Marker Use 
Another use of an ultrasonic line is for the genera- 
tion of locktest pulses that are used as an artifical sig- 
nal, in place of actual target video, for testing the 
system. In this application the delay line is used in a 
Locktest Amplifier. From a mixer, this assembly re- 
ceives the transmitted pulse which is used to drive 
a delay line. The ultrasonic energy in the delay line is 
reflected back and forth between the input and out- 
put transducers. and the input transducer’ produces 

a train of r-f pulses a few microseconds wide. 








OUTPUT 





TIME 


FIG. 3. PRECISION range marker delay line with 


yperating frequency of 30 Mc, bandwidth of 7 M 











and signals separated by 6.1 usec (delay time is 3.05 
\ 







e 






The precise interval between the locktest pulses 
allows for their use in calibrating the system indi- 
cator range marks. Many lines are built exclusively 
for range mark use, such as 1000 yds, 2000 yds, 5 












nautical miles, ete. (Fig. 3). 


Recirculating U 
In a radat Foray i delay lines HAS LONGER OPERATING LIFE 


are used to generate a series of simulated echo pulses. 






The r-f signal from the system under test beats with a The Agastat time/delay/relay has 
talo, and the resultant i-f signal drives the delay line. ; a 
Reo, ane Eee HNO 1S tig : been completely re-designed, inside 





The amplifier following the delay line feeds back a 
portion of the delayed signal to the i-f amplifier that 
drives the delay line. The output of this circuit is then 





and out, to make every moving part 


last longer and operate more reliably. 








a series : ee may be processed to simulate The new models measure only 
targets that are fixed. moving, or moving superim- : ‘ cape 
8 - 8 Suk 4-9/16 ( max.) x 2-9/16 x 2-5/8” and 





posed on fixed targets. By using lines having differ- 
ent delay times the interval between the simulated re- 





feature flexible contacts that provide 


a wiping action for more positive con- 






turns can be varied. 





tact continuity. Contacts are larger, so 





heat dissipates faster. The new con- 





Staggered PRF Use 


Ultrasonic delay lines have been used in a stagger- 





tact material lasts longer, too. 






ing switch circuit to establish a staggered PREF to alter The over-all timing range of the 
the first blind speed of a radar set. A circulating trig- Dial Head models is from 0.08 sec- 
ver, generated in the basic timing unit of the system, Pelee ae 

; onds to 15 minutes. Five models, each 





is fed to a staggering switch circuit every 400 micro- 
seconds (let us say). It is used to amplitude modulate 
a 00-Me carrier prior to being passed through a de- 





covering a segment of this range, are 





available. They are color-coded to 







layed or undelayed channel. depending on the state of identify their particular timing range. 

a channel switch tube. After the first circulating trigger Any given timing range can be ad- 
= 4: o 2 del; > she > stag y ‘ < ‘ » » 

is sent through the undelayed channel of the staggering justed with just one revolution of the 






circuit, the electronic switch is moved to the delayed 
position. This causes the next circulating trigger to be 
applied through a 100-microsecond delay line of the 
delay channel. After this second circulating trigger. 





dial. The time intervals remain the 





same no matter how often you re- 





adjust the unit. For extra convenience, 






the switch is moved back to the undelayed position and the Agastat has wiring diagram and 
> rOrvese 1@ Trepeate is 7 »* efacvere ) y . . 
the process is repeated. In this way the staggered PRE calibration data plate. 






trigger is generated, occurring alternately at 300 and 





Write for details and application 





300 microseconds. 





engineering assistance to Dept. 
A31-1026. 






Dual Frequency Use 





Other lines perform a dual function. One such line. 
operating at 60 Mc. functioned in the delayed channel 
of a comparison circuit which distinguished moving 
targets from fixed targets. The same delay line also DIVISION 
operated at 20 Mc in a video integration circuit which 
eliminated wildeatting from the system video display. 


Elastic Stop Nut Corporation 
of America 












1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Timing 
















For more information circle §§ on inquiry card. 
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COMPUTER-CONTROLLED PILOT PLANT 


An Automatic Pilot Plant, called a MicroPlant, is programmed 
for continuous composition analysis, data logging, scanning, com- 
puting, or closed-loop operation with data as the product. Here 
is a systems engineering approach to the automatic pilot plant. 


OMPUTER-CONTROLLED and built to scale, an 
automatic pilot plant can supply data for study- 
ing new design concepts, for getting commercial units 
into operation ahead of schedule. and for obtaining 
control criteria. This “MicroPlant™ can be programmed 
for continuous composition analysis, data logging. 
scanning, computing or closed-loop operation, with 
data as the product. As a process-development facility, 
it combines the best efforts of mechanical. electronic, 
instrument and chemical engineers in a system engi- 
neering approach to pilot-plant design and instrumenta- 
tion. A typical system is designed to study catalyst 
aging. reforming, hydroforming. and catalytic cracking 
or similar chemical and petro-chemical processes. The 
auto-plant may also be used as an adjunct to studies 
of process frequency response, instrument evaluation, 
controller location. ete. It was designed for Esso Re- 
search and Engineering Co. 

Small enough to fit in the average office, the auto- 
matic pilot-plant is of modular design and consists of 
three separate units utility, reactor, and product 
stabilizer (distillation). 

The utility unit contains supply lines for gases. 
liquids, and power with their related valves. trans- 
ducers. metering pumps, and controllers. The reactor 
section consists of a pre-heater, reactor, and distribut- 
ing valves with a recycle compressor and temperature, 
pressure, gravity, and recycle controls. 

The product recovery system consists of a stabilizer 
(distillation unit). for the separation of the gaseous 
(Cy—C; split) and liquid products. This unit contains 
multiple feed points. gas and liquid product collection 
systems. liquid-level and product-weight measurement. 
\n integrated refrigeration system is used to control 





November Meeting: Thursday, the 20th California 
Country Club, Whittier, California. 

Feature: Mr. Otto Kneisel of Hammel-Dahl Div- 
ision of General Controls Co. will discuss Select- 
ing and Sizing Control Valves. 
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Systems Division 
Consolidated Electrodynamics Corp. 


the stabilizer operation. All plumbing and. inter-con- 
necting hardware can easily be broken between units 
to permit substitution of various reactor, utility. and 


recovery designs, 


Graphic Panel and Control Instruments 


The control and analytical instrumentation is  lo- 
cated in a separate unit behind doors imprinted with 
a graphic description of the system operation. Elec- 
tronic controllers are used throughout for temper- 
ature, pressure. diflerential-pressure, flow, liquid-level 
and weight: measurement. Continuous composition 
analyzers are incorporated for end-point control and 
data correlation (such as octane number). 

During the reaction cycle, hydrogen, gravity, gas 
and liquid products are analyzed. During the catalyst 
regeneration cycle. oxygen, moisture, and carbon 
dioxide are used to control catalyst regeneration and 
to account for carbon deposits in the material bal- 
ance. Vapor-liquid chromatography is being used pri- 
marily for gas and liquid product analysis. Various 
other specific and non-specific analyzers are equally 
applicable for this and similar applications (mass 
spectrometers, infrared. refractive index, ete.). 


Composition Analysis 

Since all processes involve compositional changes. 
the fundamental variable is chemical composition as 
a function of the plant operating variables. When 
continuous analysis of the product is performed. the 
over-all efficiency of operation and aceuracy of data 
are greatly improved, This is accomplished by  re- 
ducing the size of the sample required for analysis 
and empirical testing. by reducing the time presently 
required to transport these samples to and from the 
laboratory. and by avoiding the hazards of repre- 
sentative sampling on a “batch basis.” In many cases 
it is impossible to take a sample without significant 
change in composition (for example, HS and water, 











i 2 ape gin } . ; . A a 
hydrogen and oxygen analyzers, product weighing system, and logger 


Company's infrared analyzer is used for COs. 


West Instruments supplied the magnetic amplitiers. 


HCL and HO}. Continuous sampling directly into 
an analyzer often provides the answers to this problem. 

The MicroPlant presently differential 
thermal-conductiviv cell for hydrogen analysis. in- 


includes a 


frared for carbon dioxide. an electrolytic moisture 


analyzer. paramagnetic oxygen analyzer. and two 
multiple-column chromatographs for gas and liquid 
product analysis. Octane correlations with VILPC, re- 
fractive index. dielectric constant. and mass spectrum 


have been demonstrated. 


Logging and Scanning 


The logging functions of the data-acquisition  sys- 
tem are used to feed operating data to a digital com- 
puter prior to tabulation. All computing functions are 
eliminated from the basic analog-to-digital conversion 
equipment for simplicity and long-life reliability. 


Computer 


To supersede the necessity for data transmission 
to a central computing service and its attendant 
scheduling problems, a small general-purpose digital 
computer is incorporated into the system. All functions 
of computing are reserved for this unit. The com- 
puter offers sufficient storage capacity to continuously 
integrate and treat the data “in process.” All fune- 
tions of averaging. square root. and material balance 
computations are reserved for the readout cycle. Hav- 
ing surveyed the limits of operation of such units for 
any one condition of charge, catalyst, etc., optimiza- 
tion programs based on chemical composition are 
scheduled. The computer is used with the scanner to 
determine system or plant equilibrium and thereby 
effect tabulation or scheduling changes in the operating 
variables. The computer as such does not perform any 
direct control function upon the plant: the controller 
set-point is changed by the computer through a nu- 
merical programming unit. Data may be acquired in 
buffer storage (tape) prior to computer use. 


MICROPLANT uses a Royal-McBee LGP-30 computer and Swartwout electronic control 


olidated Electrodynamics Corporation supplied water analyzer, vapor-liquid proces 


rc 


. 








system. Con- 
ess chromatography, 
canner. Mine Safety Appliance 


ielden supplied the liquid level contr tem ana 
Programmer 
The programmer includes automatic leak testing. 


reaction and catalyst regeneration cycles. Linking the 
computer to the controllers. a digital setpoint storage 
function is served by the programmer. It is possible 
to make a balanced change in all set points either (1) 
manually. (2) automatically or a pre-arranged time 
schedule, or (3) upon reaching plant equilibrium as 
determined in the computer. Most large evaluation 
tests are internally programmed for unattended oper- 
ation. 


Operation 

With a MicroPlant facility available for process de- 
sign studies, it is possible to operate (1) manually, (2) 
with internal time programming. (3) on the basis 
of equilibrium conditions, or (4) for optimal com- 
position analysis. 

Promoting long-range planning of design studies, 
the plant. with its integrated data handling and con- 
tinuous analyses. can be programmed to run under 
essentially optimum conditions of octane number of 
the product during the reactor cycle. When the eco- 
nomics of conversion rate versus temperature of re- 
action so indicate. the catalyst is regenerated—but only 
for a minimum length of time based upon the oxygen 
dioxide content of the flue Other 
functions of the operation. such as inert gas purge. 
leak test. and plant shut-down are automatically pro- 
grammed in their logical order. 


and carbon 


gas. 


System Use 

In addition to establishing the criteria and instru- 
mentation for automatic process control at the source 
of the data, there are many justifications for the pilot- 
plant facility. The modular design concept of the plant 
adds versatility to the range of variables studied in 
any one unit. The around-the-clock operation increases 
the number of runs per day from the usual four hours 
to six times that capacity. 
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¢ Smaller Size 

- Less Weight 

- Faster Response 
¢ Greater Reliability 
¢ Instant Warm-up 











EAI’s new Transistorized Variplotter, 
Model 205-T, assures these X-Y plotting %& 
advantages and includes many more 

— vertical or horizontal operation, 
disposable ink cartridges, vacuum 
hold-down, established reputation, etc 
Bulletin No. PIR 841 further 

details these advantages. Dept. IA-10. 


a 


EAI's new Transitorized Variplotter, 
Have you explored the advantages of analog simulation in solving your 
design problems? Write for Application Bulletins describing successful 
applications in your industry. 











For more information circle $6 on inquiry card. 
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Bits 





This month we have, under Pieces, 
Jerry Kennedy's somewhat edited 
notes on the June meeting of the Mid- 
western Simulation Council, at which 
“Cute Tricks in Simulation” were 
discussed. Presentations were “Novel 
Analog Circuits” by Charles Walli; 
“Relay-Type Transport Delay Simu- 
lator” by Lambert Haner; “Pneu- 
matic Power Positioner Simulation” 
by G. Rouvalis; “Logical Circuit 
Elements” by Jerry Kennedy; “Fric- 
tion and Switching Circuits” by P. J. 
Hermann; and “Frequency Response 


Simulation Councils, Inc. 


Dov Abramis, Convair, Pomona, Calif.; 
Chairman, Board of Directors 


Western Simulation Council 


Irwin Pfeffer, Ramo-Wooldridge Corp.; 
Chairman, Steering Committee 


Midwestern Simulation Council 
Vernon Larrowe, Willow Run Research 


Center, Ypsilanti, Mich.; Chairman, 
Steering Committee 


Eastern Simulation Council 
Hideo Mori, Hydel Inc., 99 First St., 
Cambridge 41, Mass.; Chairman, Steer- 
ing Committee 


Measurements with an Electronic 
Analog Computer” by Vern Larrowe. 
Under Info we have some com- 
ments on the purpose and operation 
of the Simulation Councils, and we 
close with a “Thot,” not profound. 





Pieces 





MIDWESTERN S C MEETING OF 9 JUNE ON 


“CUTE TRICKS 


J. B. Clymer represented North 
American Aviation when that com- 
pany was host to the Midwestern 
Simulation Council meeting at Co- 
lumbus, Ohio on June 9th this year. 
Sixty-six representatives of 33 organ- 
izations met to discuss “Cute Tricks 
in Simulation” and to inspect some 


of the NAA computing facilities. 


Walli on Novel Circuits 


Chuck Walli (NAA, Columbus, 
Ohio) discussed “Novel Analog Cir- 
cuits” which use high-gain de ampli- 
fiers, RC networks, and crystal di- 
odes. He sketched limiting, absolute 
value. structural damping, and hys- 
teresis circuits on the blackboard, 
and anyone interested in these cir- 
cuits should contact Chuck—-with our 


IN SIMULATION" 


best wishes. Jerry Kennedy says he 
tried unsuccessfully to get copies 
from Chuck for three months! 


Haner on Delay Simulator 


Lambert Haner (Thompson Prod- 
ucts. Cleveland. Ohio) gave a fine 
paper entitled “Relay-Type Transport 
Delay Simulator” which described a 
technique for simulating dead-time or 
transport delay. This they accom- 
plish by using a relay type of sam- 
pler circuit driven by variable-speed 
flip-flops. The sampled input is stored 
on capacitors and picked off at a 
controlled time later on, Each chan- 
nel uses 8 capacitors and 4 tele- 
phone-type relays. The sampling rate 
is 38 per cycle. Control of the flip- 
flops permits variation of the delay 


Southeastern Simulation Council 


Robert S. Johnson, Georgia Institute 
of Technology, Atlanta, Ga.; Chairman, 
Steering Committee 


Central Simulation Council 


Bruce Estes, McDonnell Aircraft Corp., 
St. Louis, Missouri; Chairman, Steer- 
ing Committee 


Canadian Simulation Council 
F. W. Pruden, National Research Coun- 


cil, Ottawa, Canada; Chairman, Steer- 
ing Committee 


DDA Council 


Stan Rogers, Convair, San Diego, 
Calif.; Chairman, Board of Directors 


time. A dual-channel model cost 
Thompson Products $550.00. Since 
relays rather than stepper-switches 
are used, the device can act as a mul- 
tiplexer. and can simulate a sampled- 
data system, 


Rouvalis on 
Positioner Simulation 


G. Rouvalis (Hagan Corp., Orville, 
Ohio) gave the next talk, on “Pneu- 
matic Power Positioner Simulation.” 
The Hagan Corporation manufactures 
power positioners which use a spool 
type of pilot valve to control the pres- 
sures to cylinder and piston actuators. 
In simulating this type of power posi- 
tioner, they had to represent mass 
flows as a function of cylinder pres- 
sure and pilot valve position. The 
original attempt showed that about 
six non-linear equations with some 
complicated switching circuits would 
he required. However, they didn’t 
have enough computing equipment, 
so it was necessary to simplify the 
simulation and use a minimum 
amount of non-linear equipment. 
They found that when a mass flow 
correction factor equal to the prod- 
uct of the area of the valve and the 
difference between the cylinder pres- 
sure and some constant was used, a 
reasonable approximation to the ac- 
tual valve characteristics was achieved 
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and used less equipment than orig- 
inally expected. The system proved 
quite satisfactory, stable. and 
plots were shown which illustrated 
the closeness of the approximation. 


very 


Kennedy on Logical 
Circuit Elements 


lerry Kennedy 


ciates. Long Branch, N. J.). 
ing on “Logical Circuit) Elements.” 


Kuso: 
speak- 


( Electronic 


discussed the use of general-purpose 
analog-computer components in sim- 
ulating them. The elements 
are required to simulate various in- 
terlock systems in a chemical or pe- 


logical 


troleum process. and can also be used 
functions into 
which 


to introduce decision 
a process, Another 
they are useful is in scheduling prob 
may be 


area om 


lems where it necessary to 
simulate dynamics and decision sys 
tems. and to use the computer to 
results of a variety of 


Jerry told about 


evaluate the 
different schedules. 
four circuits which have been 
used in work done 
at EAs Princeton Computation 
Center. 


basic 


connection. with 





FIG. | 


Figure 1 shows an AND circuit 
and the attendant mathematics. Here 
the “1” is actually 100 volts at the 
input, —100 volts. at output. This 
circuit can be extended to N inputs 
by adding additional one-meg sum- 
ming resistors. and making the feed- 
hack resistor equal to 1/(N—1) meg. 
In checking the circuit on the com- 
puter for N-—6, they found that the 
output remained below 0.6 volt for 5 
inputs or less. With all 6 inputs the 
output became — 100 volts, exactly as 
would be expected. The sensitivity of 
the output to the magnitude of the last 
input was |. This sensitivity could 
be increased by using a_ high-gain 
connection and introducing a slight 
additional bias beside the 100 volts. 
This bias would be required so that 
the amplifier would not drift to -— 100 
volts when all but one of the inputs 
were + LOO volts. 
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FIG. 2 


Figure 2 shows the necessary cir- 
cuit for an OR circuit. This also ean 
he extended to N inputs by adding 
additional summing resistors. Tf any 
input A to Nis not O. then C is 1. 
If Ato N are 0. then C is equal to 0. 
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FIG, 3 


Figure 3 is a Not circuit which is 
self-explanatory. 

Finally. Figure 4 shows the Gate 
One problem with this cir- 
in the cutoff region the 


not be exactly 


circuit. 
cuit is that 


output may zero be- 


—wwvyy4 
SAAN \- 


‘Waetnnall 


+n “> VA { -u > 
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cause the output of the first: ampli- 
fier is driven. Minus quantities can 
he handled provided all are consistent 
and the diodes are properly oriented. 
If you start changing signs you may 
use too many inverters. 


Hermann on Friction 
and Switching 


lod. Hermann (Goodyear Airveraft 
Corp.. Akron, Ohio) gave a double: 
barrelled talk. “Friction and Switech- 
ing Circuits.” the first shot being on 
the friction circuits. This is a natural 
problem at Goodyear: the rubber 
people are vitally concerned with fric- 
tion characteristics of tires and sur- 
faces Fig 5 shows the conventional 
dry-friction simulation in which the 
friction force is in one direction or 
another at a constant value depending 
on the direction of motion. P. J. 
theorized that this is not ideal in that 
static friction is greater than dynamic 
friction. The necessary graph shows 
the wN is larger than the dynamic 
friction force wy. As the velocity 
term passes through zero, the static 
friction rises to a maximum value and 
then decreases slowly to a stable value 
of ny.N: however, when the xX term is 
decreased from some maximum value. 
P. J. believes that the friction force 
returns to the ordinate in a straight 
line and does not follow the original 
slope between the peN and the wN 
values. difficult to ob- 
tain. and he has tried many different 
techniques to achieve this character- 


This is very 


istic. 


+100 


—() «5 


Por G= 0, B= -& 
For G = +100, E= 0 


Where 0 < E <+100 








FIG. 5. Simulation 
of dry friction. 
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FIG. 6 





Figure 6 shows one method at- 
tempted, using neon bulbs in the 
feedback of a high-gain amplifier. 
This approximates the classical fric- 
tion characteristics in that the firing 
voltage of the neon bulbs is higher 
than the sustaining voltage. However. 
on the return to 0 voltage the neon 
bulbs do not follow a straight line to 
the origin but return to some inter- 
mediate voltage between the level in- 
dicated by pyN and pn. 

Another disadvantage of the neon 
bulb approach is that no control can 
he exercised over the value of y.N 
and ».N without considerable addi- 
tional circuitry, 

The second method of approximat- 
ing classical friction is shown in Fig- 
ure 7. Here complete control ean be 





exercised over the value of pw N and 
wm but the hysteresis effect is not 
realized. 

An NACA report gave the tire-to 
vround braking friction charactet 
istics shown in Figure 6. It is interest 
Friction 


vfoura rakeng 


Treund 


leon 


FIG. 8 


ing to note that at zero slip-speed a 
certain friction occurs, but as the slip 
speed is increased to 16-20°°, the 


friction force peaks and then falls off 
as higher percent: slip-speed is 
achieved. This characteristic ean be 
reproduced nicely on a diode fune- 
tion generator since no hysteresis 
exists. The analog computer cireuit 
in Figure 8 shows a means of simulat- 
ing the tire-to-ground friction force. 
when no slip occurs as well as when 
it does. Briefly. the output of the op- 
erational amplifier is proportional to 
the torsional tire deflection angle un- 
til slippage occurs. At that time the 
amplifier is cut off. and the tire-to- 
ground friction force is exactly equal 
to the output of the function genera- 
tor, 

The second part of P. J's talk was 
based on work on switching circuits 
performed at Goodyear Aircraft by 
Vick Diamantides. Figure 9 shows 
the circuit and attendant waveforms 
as used for an auto-correlation: prob- 
lem, and for a simulation involving 
time delay. Apparently some  prob- 
lems exist in the selection of the di- 
odes and resistor values. Also. prob- 
lems arise when the switching voltage 
is less than the signal voltage. Nick 
presented this work in detail at a 
Wright Field Symposium, and an ac- 
count of it has appeared in a maga- 
zine* on antomatic control. 

“You could have given us the name. Jerry. 


We often mention unsavory things in these 
columns, 


October 1958 


Jerry Kennedy remarked that this 
circuit operates something like a time 
division multiplier, and P. J. agreed. 
Asked about the resistor values. P. J. 
suggested that Diamantides be con- 
tacted directly for details. 


Larrowe on Frequency 
Response Measurements 


Fern Larrowe (Willow Run Re- 
search Center, Ypsilanti, Mich.) gave 
an interesting and timely talk on 
“Frequency Response Measurements 
With an Analog Computer” and the 
use of general-purpose analog-com- 
puter circuits for determining Bode 
and Nyquist plots, A complete treatise 
of the subject can be found in the 
University of Michigan report, “Ap- 
plication of a Gas Turbine Engine 
Performance Computer to a Twin 
Spool Engine.” Incidentally, this re- 
port contains many other interesting 
tidbits. and is certainly a worthwhile 
addition to an analog-computer Li- 
brary. 

Vern reviewed the normal method 
for determining frequency response 
measurements. which effectively in- 
volves driving the component under a 
sinusoidal test voltage. Ejy(ot). and 
comparing it to the output of the 
driven device with respect: to ampli- 
tude and phase angle. One method 
of presenting the data is to prepare 
a polar diagram whose vector length 
is proportional to the quotient of out- 
put and input amplitude. and whose 
angle is proportional to the phase re- 
lationship of the output and = input. 
The reduction of test data is some- 
what complicated if parallel channels 
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FIG. 9 
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on a strip-chart recorder are used to 
record input and output, so an easier 
method is desirable. 

Figure 10 shows the hookup for a 
semi-automatic data-reduction proc- 
ess. This includes a three-amplifier 
oscillator for driving the component 
under test and for generating in phase 
four quadrature components of the 
driving voltage. In addition, two 
amplifiers and an x-y plotter are used. 
The plotter is used as a milliammeter, 
and with a bit of manual dexterity, 
potentiometers 4 and 5 can be ad- 
justed to null the plotter. When this 
null is achieved, the values of pots 4 
and 5 will yield the ratio of the out- 
put and input voltages (in-phase and 
quadrature components). Where the 
frequencies involved are too high for 
a plotter, a voltmeter can be used. 

Vern also talked about a non-linear 
system which includes not only veloci- 
ty but acceleration limiting. Normal 
transfer-function analysis breaks 
down for non-linear systems. How- 
ever, Vern described a_ technique 
which makes it possible to determine 
at what amplitude and frequency the 
closed-loop system will oscillate for 
various gains. A comparison between 
computed and directly-measured data 
showed close conformity between the 
two sets, 


Tour of NAA Servo Lab 
After the talks the Midwestern 
Council members toured the North 
American Aviation Servo Lab, which 
is directed by William Parker, and 
inspected the following Electronic As- 
sociates analog computing equipment, 
which is tied in with physical hard- 
ware, i.e., hydraulic, electronic, and 
pneumatic components of aircraft: 
5 control consoles 
240 operational amplifiers 
28 diode function generators 
10 electronic multipliers 


precision resolvers 
potentiometer padders 

servo multipliers 

reference supplies (=: 100V at 
| ampere each) 

strip chart recorders 

X-Y plotters 

pre-patch panels 


The total power consumption for 
this facility is 3 kilowatts. and there 
are three air conditioners with a total 
capacity of 20 tons. Total floor space 
at present is 1000 square feet, but 
the area is being expanded to 2500. 

Elizabeth Blackwell is in charge of 
both the IBM 704 digital computer 
and the Dynamics Group's RADAC 
analog facility. Chuck Walli directs 
the analog-computer group, which in- 
cludes the following EAT equipment: 


control consoles 
operational amplifiers 
diode function generators 
electronic multipliers 
precision resolvers 
potentiometer padders 
servo multipliers 
reference supply 
strip chart recorders 
X-Y plotters 

15 pre-patch panels 


This computer lab has over 3000 
square feet of floor space. 

The tour was particularly interest- 
ing to those concerned with the in- 
stallation of analog computers, for 
Walli’s group is in the process of 
moving its computer. There are sev- 
eral novel features in the NAA line- 
up of equipment: the whole facility 
sits on a false floor and the consoles 
are located in front of the line of 
computing cabinets. while the entire 
laboratory is arranged in an L shape 
with plently of room for convenience 
of operation and later expansion. 

Metter X 
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Phe original objective of the Simu- 
lation Councils was to get people to- 
vether under conditions that were 
conducive to the two-way discussion 
of mutual problems and half-baked 
ideas for their solution. At first the 
meetings were small, and the system 
worked well. so we grew. 

But as audiences grew larger the 
speakers prepared their papers more 
carefully and presentations became 
more formal. Discussion from. the 
floor was inhibited by the size of the 
audience and the more formal atmos- 
phere, so that the flow of information 
became almost completely unilateral. 
As time passed we became more and 
more like the established professional 
societies. 

To become like the professional 
societies is precisely what we do not 
want to do: there are too many al- 
ready! We want to complement them. 
not compete with them. 

In an attempt to reverse the trend, 
ov at least accomplish in some meas 
ure our original objective, the Eastern 
Simulation Council some time ago 
established comparatively small Study 
Groups to consider special areas of 
interest. These have met with some 
success, 

Recently the Midwestern Council 
surveyed their members as to their 
interest in a similar plan. Now Jerry 
Kennedy informs us that those in- 
terested in the following subjects 
should contact the people listed: 

1) Aircraft Simulation 
M. W. Sayler, General Electric, 
Evendale, Ohio 
2) Analog Computer Equipment and 
Administration 
L. M. Warshawsky, Wright Air 
Development Center, Dayton, Ohio 
Analog-Digital, Digital-Analog 
Conversion 
Jerome D. Kennedy, Electronic 
Associates, Inc., Mt. Prospeat, Ill. 
Control Systems Simulation 
John ‘Anderson, Allison Div. of 
General Motors, Indianapolis, Ind. 
Ground Vehicles 
Ralph J. King, Caterpillar Tractor 
Co., Peoria, Ill. 
Instrumentation 
William Field, Union Carbide & 
Carbon Co., Charleston, W. Va. 
Navigation 
Jack Plaster, North American 
Aviation, Columbus, Ohio 
Power Plant Simulation 
Ralph J. King, Caterpillar Tractor 
Co., Peoria, Ill. 
Process Simulation 
Warren Jackson, Jr., Standard Oil 
of Ohio, Cleveland, Ohio 

Human Physiology and Dynamics 

J. B. Clymer, North American 
Aviation, Columbus, Ohio. 









How to Evaluate 
Static Accuracy 


Static summing accuracy, being the foun- 
dation on which over-all computing preci- 
sion rests, deserves caretul analysis by 
computer users. A single figure like “.01¢ 
accuracy” has little meaning unless supple- 
mented by less ambiguous statements 
Fortunately, static error caused by modern 
high-gain, low-drift amplifiers is negligible: 
therefore, questions of static accuracy can 
be answered by discovering how well input 
and feedback resistors have been matched 
in order to produce resistance ratios of 
1:1, 10:1, ete. The following questions are 
pertinent. 


1) Exactly how are resistors matched? 
Each with every other? Or each 
with a few others in a group? 


(2) What is the matching error upon 
installation? 


(3) How will environmental conditions 
such as temperature affect accu- 
racy ? 

(4) Will accuracy deteriorate with age 
and use? If so, how much? 


(S) Will resistors added to expand ca- 
pacity at a later date match those 
initially installed? 


Let us examine these questions in greater 
detail. 


Two Methods of 
Matching Resistors 


One method is to match resistors in groups 
of four or five—each to be used only in 
conjunction with one or more of the 
others, as input and feedback resistances 
for a certain amplifier. This method can 
provide sufficient accuracy, but computer 
capacity is unnecessarily limited because 
input resistors cannot be freely transferred 
from one amplifier to another as needed. 


An alternative is to match each resistor 
with every other in the computer, so that 
every clement will be available for use 
wherever needed. The EASE computer 
people have accomplished this by calibrat- 
ing all computing resistors against a single 
master standard carefully maintained un- 
der laboratory conditions. 


The master standard is a group of 100K 
resistors specially-selected to deviate from 
a central value less than +2 PPM and 
guaranteed to differ no more than ~ 15 
PPM from an absolute 100K value. IM 
computing resistors are calibrated against 
the ten 100K resistors connected in series. 
1OOK resistors are calibrated against the 
average of the ten 100K standards so that 
the 10:1 ratio is free from the possible 
2 PPM deviation of the standards. 200K 
and SOOK computing resistors are simi- 
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larly calibrated against group averages to 
achieve exact 5:1 and 2:1 ratios respec- 
tively. Using these calibration practices, all 
computing resistors in an EASE 1100 
Series computer are initially adjusted to 
within 10 PPM of the ideal value. 


Effect of Temperature 
On Static Accuracy 


No static accuracy figure is meaningful 
unless accompanied by a statement of the 
environmental temperature range over 
which specified accuracy can be achieved. 
Because EASE computing resistors are 
installed in an oven maintained within 

0.S° C of a constant temperature, resist- 
ance changes due to temperature are less 
than 15 PPM —this despite external tem- 
perature variation from 65° F to 110° F 
and line voltage changes from 10S to 130 
volts. 

Field tests have confirmed the effec- 
tiveness of this mode of calibration and 
temperature control. Figure 1 shows the 
distribution of 100K and IM resistors in 
an Operating computer. A fact worthy of 
emphasis is that measurements were made 
at the patchboard under actual operating 
conditions: consequently, all possible 
sources of error have been taken into 
account. With precision computing equip- 
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Figure 1. Distribution of all 100K and 1M 
resistors in 1100 Series computer used at 
EASE Los Angeles Computing Facility. 
All measurements made at the patchboard 
under actual operating conditions. 
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ment, only tests made under operating con- 
ditions are dependable because so many 
unpredictable factors such as slight con- 
nector contact resistance, wiring resistance 
and possible human errors in calibration 
can influence the theoretical result. Note 
that typical resistance deviation is about 

20 PPM and maximum deviation is 50 
PPM except for 1 delinquent out of 1000 
which has strayed to 60 PPM. 


Aging Effects 


The principal effect of age on resistors is 
to modify resistance values as heat stresses 
set up in manufacturing processes slowly 
decay. To forestall this effect EASE com- 
puting resistors are heat-cycled four times 
far above and far below operating temper- 
ature in order to remove heat stresses 
before calibration. 

Although no EASE 1100 Series com- 
puting resistors have been in service long 
enough to make a definitive report an sta- 
bility over a period of years, preliminary 
tests indicate very low drift. A group of 
computing resistors, kept at the EASE 
laboratory for long-term testing, show no 
greater individual deviation outside the 
original calibration tolerances than +15 
PPM over a period of six months. 


Will Later Expansion 
Affect Accuracy? 


An analog computer user must give due 
weight to the possibility that an initial in- 
stallation may require expansion at a later 
date as new problems are encountered and 
new solution techniques developed. At 
that time it becomes important to obtain 
new resistors matching those originally in- 
stalled. Here also the use of a single master 
standard for calibration is advantageous. 
Provided the master standard has not 
drifted in value, new risistors can be cali- 
brated to match those in the computer as 
well as the initial set. 

Absolute drift of a few parts per million 
is difficult to detect with certainty, but all 
evidence indicates that the EASE standard 
has not drifted. None of ten basic resist- 
ance standards show detectable long-term 
drift over one year when compared with 
each other or when compared to other 
high-stability standards within the labora- 
tory. Since it is extremely improbable that 
these standards have all drifted the same 
amount and in the same direction, we infer 
that the absolute value is holding steady. 


C2 


FASE COM POTERS 
Mfd. by Berkeley Division, 


Beckman Instruments, Inc. 
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Analog 
Engineers 


NAA-Columbus is expanding its Analog Comput- 
ing Group to handle new problems generated by high 
performaice production aircraft, missile proposals 


and space studies. 


SENIOR ANALOG COMPUTING ENGINEER: 
Will be responsible for solution of engineering prob- 
lems arising from design, development and research 
activities of all engineering groups. Duties include 
developing analog techniques, circuits, methods, and 
modes of applications. Industrial experience, research 


experience, and advanced degree preferred. 


ANALOG COMPUTING ENGINEER: Will assist 
in the formulation, analysis, and solution of problems 
by use of analog equipment. Problem areas include: 
aerodynamics, dynamics, heat flow, structures, flut- 
ter, fluid flow, implicit synthesis, and system analysis. 


Degree and related experience required. 


Our analog laboratory is equipped with 300 ampli- 
fiers and associated non-linear equipment. IBM 704 
is used to augment studies performed on the differen- 


tial analyzer equipment. Write to: 


Engineering Personnel, Box TA 579 
North American Aviation, Inc. 
4300 East Fifth Avenue 

Columbus 16, Ohio 


THE COLUMBUS DIVISION OF 


NORTH AMERICAN AVIATION, INC. Zs 


NAA-Columbus... home of the T2J Jet Trainer and the A3J Vigilante. 
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SIMULATION COUNCIL—Cont. 





The Steering Committee of the 
Western Simulation Council, recog 
nizing the need. has also given the 
matter serious consideration. It has 
been tentatively decided that the meet- 
ings. formerly held only in the after 
noon. be made all-day affairs with 
semi-formal presentations in the 
morning and discussion groups and 
facility tours in the afternoon. The 
best method of encouraging partici- 
pation in the discussion groups will 
probably be worked out empirit ally. 

What the answer is we don't know. 
but certainly one must be found if 
we are not to become just another 
Professional Society, 

Any ideas? 





He Went Thataway: 


Vorm Irvine to Douglas El 
Segundo. 

Jerry Kennedy up! To Manager of 
Engineering Sales with his same com 





pany, Electronic Associates Ine. 





Thot 
(of the moment) 





K:diting this Vewsletter as I fly all 
the way across the U.S. to the ISA 
meeting [| am reminded. in view of 
recent accounts of air crashes. of this 
statement of a Southern gentleman 
who said that he liked to keep his 
felt on terra firma “an” the mo’ 
firma de less terror!” 





Computer Kvents 





National Simulation Conference 
Dates: 23-25 October 1958 
Place: Statler-Hilton Hotel. Dallas. 
Texas 
The conference will be 
sponsored by the IRE PGK 
and the Dallas Section of 


the IRE. 


Computer Applications 

Symposium 

Dates: 29-30 October L958 

Place: Armour Research Founda- 
tion Chicago. Hlinios 


Western Simulation Council 

Date: 13) November 1958. 1:00 
PM 

Place: University of California at 
Los Angeles 

Subject: ““Applications of Analog 
Computers to Solutions of 
Field Equations” 





FRED: Whal? ie my own crepes 


blocks. FRED: But my ignorance of computor 
circuitry is past... FRIEND: Can you plug ina 
plug? George does the rest. FRED: George who? 
FRIEND: George A. vintieieh Researches, Inc. 
that’s who. PH 


MORAL: Foy anything in analog, see Philbrick. GAP/R has the world’s most complete line of el- 
ectronic computors and components. Write for freely given opinions on individual applications. 


ccorce . PH TIL BRIC K researches, inc 


2850 COLUMBUS AVENUE. BOSTON 16, MASSACHUSETTS 
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FOR FURTHER INFORMATION USE THE FREE ORDER CARD ON PAGES 164! AND 1739 


SCALE DRAWING MACHINE 


New hand-operated Model Scama 
allows redrawing of any flat elec- 
trical indicating instrument’s§ scale 
whose angular deflection is no greater 
than 90°; no calibration curves re- 
quired. In thermocouple instruments, 
scale can be redrawn to match in- 
expensive uncalibrated thermal ele- 
ments. Special scales are readily 


and the field of drawn for special-purpose instru- 


ments.—Sensitive Research Instru-. 
ment Corp., 310 Main St., New Ro- 
chelle, N. Y. 


Borg is well-known and highly DELAY LINES 


respected for its sound, 
New delay lines for printed-circuit 


creative engineering. The pre- 
cision qualities of Borg com- assembly or for conventional mount- 

ts f a a ‘ idel : ing offer high ratio of delay to pulse 
Pee ae ee ene Ree Nemmeny rise time, in minimum space. Other 


recognized in both the com- characteristics are precise pulse fi- 

mercial and military fields. delity; operating temperature range 

; ; of —55°C to +125°C; excellent tem- 

¢ AIRCRAFT INSTRUMENTS — perature stability; linear phase shift; 
: , attenuation of 1 db per usec.—JFD 

Electronics Corp., 1462, 62nd St., 

Brooklyn 19, N. Y. 

* FREQUENCY STANDARDS isi giana eee 

Crystal controlled oscillator type 

frequency standards. 


¢ MICROPOTS 

Precision potentiometers in a wide 
eer gs of gee multi-turn New Type 1000 control valve fea- 
and trimming models. tures springless operator with pre- 
formed Buna-N-Nylon diaphragm. Is 


* MICRODIALS med Buna-N-N 
get equipped with Foxboro or Moore valve 
Precision MICRODIALS for positioners. Single-seated split body 
single and multi-turn devices. is available in 1” to 6” size in steel, 
Indexed accuracy of up to one part stainless steel, monel and Hastelloy 
in 1,000. “C”, Ideal for high pressure drops, 
flashing service, chemicals and slur- 
: INSTRUMENT MOTORS ries.—Uniflow Valve Corp., 19 Quine 
Precision motors, synchronous and St.. Cranford, N. J. 
induction types. Gear trains. j 


LET BORG HELP YOU 
Borg can assist you in the design 
and construction of prototypes. 


Complete facilities for pilot runs ENVIRONMENTAL TEST CHAMBER 


Aircraft components, instruments 
and electronic sub-assemblies. 


SPRINGLESS CONTROL VALVE 


e 216 or 


and quantity production. Write for 
further information today. - New chamber, ready for push-button 
operation, has internal working area 
: of 15’ x 12’ x 25’ permitting a large 
MICROPOTS truck to deliver the test item into the 
MICRODIALS 2 4 fp chamber. Provides temperature sim- 
MOTORS gee i ulation between —100°F and +200°F., 

with relative humidity simulation be- 


; Lt es “ 
pie j tween 20% and 95% from +35° to 
: 
‘ t "' 
a 














185°F.—American Research Corp., 
Farmington, Conn. 


BORG EQUIPMENT DIVISION 
The George W. Borg Corporation 
120 South Main Street, Janesville, Wis. 
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ABSOLUTE-PRESSURE 
TRANSMITTER 


New force-balance Type 13AA d/p 
Cell Transmitter produces a 3-15 psig 
linear signal proportional to absolute 
pressure. Mechanism consists of cap 
sule-type, twin-diaphragm sensing ele 
ment, force bar, flapper-nozzle, feed 

















back bellows and relay. Measurement 
ranges are continuously adjustable 
between 0-50” and 0-250", or 0-200” 
and 0-850” of water abs. Transmitter 
parts exposed to process fluids are 
type 316 s s. Has overrange protec- 
tion to 1500 psig. Aceuracy is 0.5'% 
of full scale.—The Foxboro Co., For 
boro, Mass. 








> 218 


BI-METAL THERMOMETER 


New 2” bi-metal thermometer pro- 
vides mounting convenience without 
sacrificing visibility. Graduations are 
set on a raised ring close to cover 
glass at same level as adjustable 




















pointer. Standard ranges are from 
80/120°F. to 200/1000°F. and from 
50,/50°C. Accuracy is within 19% of 
range. Has 18-8 stainless steel case, 
ring and stem.—Manning, Marwell & 
Moore, Inc., Stratford, Conn. 
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FLOW CONTROLLER 


New unit controls flow rate of 
liquids within 0.25% accuracy regard- 
less of variations in pump pressures 
or liquid viscosities. A special control 
nut assembly synchronizes a constant- 
speed motor, valve, Xacto meter and 
variator, making this positive control 
possible. Capacities range from 0.5 
to 250 GPM. Variator dial permits 
control settings within a fraction of 
a percent of range. 4-page bulletin 
contains details—Bowser, Inc., Meter 






























BORG 
TRIMMING 
MICROPOTS 










ASK FOR 
COMPLETE 
— DATA... 
wed CATALOG 
Lugs BED-A90 


Actual Sizes 











Insulated 


prove n Wire Leeds 
performance 


for subminiature circuits 


Midget sized potentiometers for king sized jobs . . 

that’s Borg 990 Series Trimming Micropots. Sealed 
construction . . . all metallic parts are corrosion resistant. 
Three types of terminals . . . printed circuit, solder lugs 

and insulated wire leads make for easy assembly into 

any circuit. A screw driver adjusts throughout complete range 
in forty turns. Contact carrier assembly drive prevents 
damage when either end of linear excursion is reached. 

Wide range of resistance values . . . 10 to 30,000 ohms. 
Other values on special order. Borg Trimming Micropots 
can be mounted individually or stacked giving you 

the greatest possible latitude. Let us send you 

further information on Borg 990 Series Trimming y. 
Micropots and the name of your nearest 
Borg “‘Tech-Rep” today! 





BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 















4 MICROPOTS 
© MICRODIALS 
MOTORS 





Div., 1300 East Creighton Ave., Fort 
Wayne, Ind. 












JANESVILLE, WISCONSIN 
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adjustments for 


with Supergauges, 


> can be readily made trom 


the front, 


SAVINGS IN MAINTENANCE 
TIME ALONE PAY FOR EVERY 
SUPERGAUGE IN YOUR PLANT 


For example, with USG’s exclusive Arc- 
Loc movement and Mono-Unit construc- 
tion, complete recalibrations can be 
made up to 15 minutes faster than with 


any other process gauge. Here's why: 


Mono-Unit design, all 


sinwi¢ 


NOTE that with USG 
Supergauge internals are inte vyrated into a 
assembl hich can be removed in one quick 


operation, Complete legends on laminated 


dials give gaug 10del number and 
use In const 


dentin 





patentec 


vith USG’s 


or “scale shape’’ (linearity 


nts are both made 


‘quired 
d eliminates creep 


speeding recalibration tr 


1 Arc-Loc move- 





AND NOTE ESPECIALLY... 


Supergauges meet ASA specifications 
for Grade AA Test Gauges, includ- 
ing accuracy within 
scale range. They are available in a 
full line, embracing a wide selection 
of case styles (including aluminum ), 
case sizes, pressure ranges and mate- 
rials of construction. 

A companion line of SOLFRUNT 
(solid front construction) gauges is 
also available with the same fine 
USG features. 

For complete information 
on SUPERGAUGE and 
SOLFRUNT process 
gauges, contact your local 


USG Distributor, or write 
for Catalog 1819. 


UNITED STATES GAUGE 


DIVISION OF AMERICAN MACHINE 
For 5 . ' 62 


Pave 1700— Instruments & Automation 


Vol. : 


AND METALS, INC., SELLERSVILLE, PA. 


ly of 1% of 


ENVIRONMENTAL CHAMBER 


New Model WE-27-1304+400H En- 
vironmental Chamber has 27 cu ft re- 
frigeration capacity which lowers 
the temperature of a 50-lb mass load 
of steel and copper from 100° F to 

30°F in 45 minutes maintaining 
a 1000 watt line load. Conversely, the 
electrical heating capacity is suffi- 
client to raise the temperature of a 50 
Ih mass load of steel and copper, ex- 
cluding the live load from 130 F 
to +400°F in 15 minutes.—2&8-page 
brochure describes details and = con 
tains technical information section, 
atmosphere chart and high-altitude 
chart. Webbe, Corp., Dept. HF’ 653, 
P. O. Box 217, Indianapolis 6, Ind. 


221 


ITV SYSTEM 


New ITV system Model 700A con- 
sisting of camera, control unit, mon- 
itor, and cables features high resolu- 
tion, high reliability, and ease of 
maintenance. Camera can be up to 500 
ft and 2000 ft away from 
control line amplifiers. 
Special multi-conductor 
nects control unit and 
ohm coax cable control unit and mon 
book 


lens 


monitor 
unit without 
cable con 


camera, 75 


describes ac- 
turret, remote 
switcher for 


itor. Instruction 


cessories such as 
focus assembly, and 
camera, video line amplifier, ete. 
Industrial Produets Div., Internation- 
al Tel. and Tel. Corp., 15191 Bledsoe 
St., San Fernando, Calif. 


222 


AUTOMATIC SHAKER SYSTEM 


New Sine-O-Matic Model CP-*, 
sine wave vibration testing system is 


completely packaged; features fully 





3155 

automatic programming 
tion; provides peak sine wave vector 
of 1200 force-pounds when used with 
Model C10 shaker (will drive C25H 
or C25B shaker to reduced force). 
Power output 3000 watts. System 
supplies its full rated force output 
over entire frequency range of 5 to 
3000 eps without impedance changing 
or manual power factor correction. 
All components are mounted in con- 
sole; only shaker is external.—Ling 
Electronies, Ine., 5120 W. Jefferson 
Blvd., Los Angeles, Calif. 

223 


and opera- 
















ENVIRONMENTAL TEST UNIT 
New Model SU-77-6, for special 
testing of electronic parts, is factory 
adjusted to 77°F, has a 6-cu-ft file- 









NEW 


FROM U.S. GAUGE 


SUPERTHERM dial thermometers 


Engineered ...to equal the premium quality and de- 
pendable performance of superior USG Grade AA 











oat” 

3 

a 
we 






\ 
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drawer-design chilling chamber; ac- 









commodates 50-lb batches: has net Supergauge pressure gauges. 

thermal capacity of about 300 Btu’ hr 

at 68°F.—Cincinnati Sub-Zero Prod Priced... at a money-saving value that’s news in itself. 

vets, 3930 Reading Rd... Cincinnati 

29, Ohio. Designed... ina range of styles and sizes to serve any 
224 plant in any industry with the most comprehensive line of 





indicating thermometers available from one source today! 





POWER RELAY 


New miniature version of a powe) 









relay in clear polystyrene enclosure 
with octal plug-in header is available 













ow i your requirements for 3 
: ometers 3 


i herm 
standard, filled system dial t oo 
i top 
met with one 
all these specifications: See y 


05. 
tributor, oF write for Catalog 2 











up to 3PDT with standard contacts 
rated at 10 amps. Can be wired for 
double make or break operations, a-e 
or d-c coil-Kurman Electrie Div., 
Norbiute Corp., 191 Newel St.. Brook- 
lyn 22. N.Y. 








| 











DIRECT READING— rigid, direct mounting; or ‘“Multi-Angle” type 









REMOTE READING—for temperature measurement up to 125 
feet from indicator 
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FREQUENCY METER AND 
GENERATOR 
New Model FM-6, said to represent 
“a completely new concept in frequen- 
cy measurement,” measures and gen- 



















4 TYPES OF FILLS—organic liquid, gas, vapor, mercury 


ALL COMPENSATIONS— complete selection of case or capillary 
compensation available as required 


29 STANDARD RANGES—covering temperatures from 350° to 
+1000°F 


2 CASE MATERIALS— anodized aluminum or phenolic plastic 










4 CASE SIZES— 31”, 412", 6” and 82” 






3 CASE STYLES—turret, front flange, or back flange mounting, 
with choice of bezel 






FULL SELECTION OF BULBS—virtually endless combinations of 
bulb sizes, shapes, materials, and connections. é 













erates frequencies from 20 to 1000 
Me with better than 1 part in 1 mil- 
lion accuracy. Built-in 1-Me frequen- 
cy standard’s stability is better than 
1 part in 10 million. Its output is 
available on a front-panel jack. Snap- 
action crystal oven can be operated 
from a car battery. Instrument’s ac- 
curacy extends over wide temperature 
range (—15°C to 55°C).—Gertsch 
Products, Ine., 3211 S. La Cienega 
Bled., Los Angeles 16, Calif. 


226 















ft 
CQm™ 


UNITED STATES GAUGE. 


Division of American Machine and Metals, Inc. + Sellersville, Pa. 





} 














For more information circle 63 on inquiry card. 
October 1958-—Instruments & Automation— Page 1701 





CUSTOM & 
STANDARD 


Delay Lines 


Contro! Electronics Co. Inc. is a leading 
designer and mass producer of electromag- 
netic Delay Lines. A representative group is 
shown here with the available ranges of 
delays, bandwidths and impedances. Further 
information is readily available from our 
Engineering Dept. 


BJILT TO MIL SPECS. FAST PROTOTYPE 
SERVICE .. . DELIVERY 1 TO 3 WEEKS. 
Distributed Constant 

Delay Lines 


CEC DISTRIBUTED CONSTANT DELAY LINE 
FEATURES 


Lowest cost — reliable performance 
Maximum delay to rise time ratios 
Maximum delay per cubic inch 
Delays to 30 “secs. 

Impedances: 200 to 10,000 & 
Bandwidths to 20 mcs 

Linear phase shift 


Variable 
Delay 


Lines 
Infinite, incremental 
or decade variable 
delay lines available 
in any range of de- 
lays and impedances. 


Lumped 


Constant Delay Lines 


DELAYS TO 20,000 MICROSECONDS. 
BANDWIDTHS to 500 MCS. 
Zo FROM 50 TO 10,000 OHMS. 


Multi- 
tapped 
Lumped 

Constants 

available 

in many 
configurations 


se te te we Oe 


Eo a ewe we ve 


System Lines 


Complete 
delay and 
pulse 
systems 
Gesigned to 
your needs. 


NOTE: Data Sheets on request 


CONTROL ELECTRONICS 
CO., INC. 


aRURalanaleLiclameiielilels Man (came held | 
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GAS MASK GUARD 


New Window-Cator is a 
indicator which shows 


condition of gasmask canister. 


a light blue reference color. 
of the canister for protection against 
carbon monoxide is spent. 
Safety Appliance Co., 201 


Braddock Ave., Pittsburgh 8. Pa. 


window 
at a glance 
The 
left half of the window contains dark 
blue indicating color, the right half 
When 
the two colors match, the service life 


Mine 
North 


ELECTRONIC-CIRCUIT COOLER 


New compact, 
anodized all-aluminum 
duct heat away from transistors diodes 
or rectifiers through thermal contact 


coolers 


with a finned plate. Systems equipped 
ram air, 


with refrigeration cooling, 
x blowers provide suitable air sup- 
plies for the Two 
sizes, 2%” and 3%” are available.- 
Modine Mfg. Co., Industrial Div., Ra- 
Wis 


coolers. 


cue, 


corrosion-resistant, 
con- 


module 


f 


ELECTRIC VALVE POSITIONER 


New all-electric transistorized posi- 
tioner eliminates need for auxiliary 
hydraulic and pneumatic valve-ac- 
tuating systems. A 1/40-hp 2-phase 
induction motor drives the actuating 
shaft through a gear train and a 
ball-screw mechanism. The explosion- 
proof positioner operates from most 
standard electric controllers. Stroke 
is field-adjustable from 1%” to 2”; 
stem speed is 0.15 in/sec; maximum 
thrust is 1000 lb with standard gear 
train—Norwood Controls Div. of 
American Standard Products, Nor- 
wood, Mass. 


e 229 


GAS REGULATORS 


and LR series 
are regulators designed for testing 
of pneumatic components and for 
operating gas systems at inlet pres- 
sures of 7000 psig max and operating 
temperatures from —67° to +200°F. 
The G-700 series is for high capacity 
testing, the LR series for dead end 
and low capacity. Spec sheets give 
details.—Victor Equipment Co., 844 
Folsom St. San Francisco bs Calif. 


New GD700 series 


f 
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CRESCENT 


POLYETHYLENE 
INSTRUMENT TUBING 
Costs ahaa E caiiies Ts Install 


SIX DIFFERENT TYPES TO 
MEET YOUR SPECIFIC NEED 


CRESCENT POLYETHYLENE MULTITUBE is 2 to 37 precision 
Polyethylene tubes spirally cabled together for greatest flexibility. The 
tubing assembly is protected against mechanical injury by an inter- 
locked galvinized steel armor, Polyvinyl Chloride sheath, or other 
sheaths, as below. 


CRESCENT POLYETHYLENE PRECISION INSTRUMENT TUBING 


TYPE P is manufactured from the best high molecular weight virgin Polyethylene compound and TYPE 
XP of high modulus virgin Polyethylene compound selected for their superior resistance to environmental 
stress cracking and aging. Extensive research. improved manufacturing methods and rigid test standards 
have developed CRESCENT Polyethylene tubing to its present level of highest quality. It is furnished as 
single tubing in 14”. %.’" and 14” sizes in up to eight bright colors. It is used exclusively in manufactur- 
ing CRESCENT POLYETHYLENE MULTITUBE in types as follows: 
STANDARD TYPES sw SRN 
Veber re eee 


ELE ALAA: 


rYPE PA —Interlocked metallic armor provides com- , a 
plete mechanical protection. ‘ ee —_ 
TYPE PAT-—Polvvinvl chloride sheath over the armor 
adds corrosion protection for the armor. Can be buried 
in the earth. 


TYPE PA 


TYPE PT PVC sheath gives limited mechanical pro- TYPE PAT 


tection. For use in troughs. trays or conduit. — =i 


SPECIAL SERVICE TYPES 

TYPE XPT-U—Extra heavy PVC sheath over high 
modulus TYPE XP tubing permits direct burial. or use 
above ground where subject to moderate abuse. 

TYPE XPT-F—Same as XPT-U with heavy asbestos 
braid and outer PVC sheath. Provides time delay in 
event of flash fire. 

TYPE XPT-FA—-Same as XPT-U with heavy asbestos 


braid and interlocked metallic armor. Provides complete 
I 


mechanical protection, as well as time delay in event of ae 
flash fire. wag 
Ae 


TYPE XPT-FA 


TYPE XPT-U 


Write for complete information on these types, as well as types employing copper or aluminum tubing. 
Ask for new bulletin No. 458. 


CRESCENT INSULATED WIRE & CABLE CO. 


TRENTON, N. J. 
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elemeter 


ANY VARIABLE | 


from Remote Points 


- MODEL 
» 1025 
Transmitter 


Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 


The Model 1025 Tele- 
meter Transmitter con- 
verts DC my from thermal 
converters, é€tc., to 10-30 


HIGH-SPEED cps which frequency mod- 
ulates a built-in audio tone 


. 
CONTINUOUS channel. AC 10 to 30 cps 
T l t or relay outputs are also 


available. Receiver detects 
and demodulates transmit- 
ted signal, generating a 
DC mv for operation of 
recorders or indicating in- 
struments. Up to 45 tele- 
meters can be multiplexed. 

Any communication 
link, including power line 
carrier, microwave or wire 
line may be used. 

Over-all accuracy is 1% 
with a response speed of 1 
second. Equipment fea- 
tures a built-in calibration 


* 

Built- i 

Uuit- in 

Self- circuit for 10% and 90% 

: : receiver check, and 10 cps 

Calibrating and 30 cps transmitter 
check. 

. . . . 

Circuit Any quantity which may 


be converted into a DC 
millivoltage or will oper- 
ate a slidewire may be tel- 
emetered, 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100 


Kadio Frequency 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 


3+ 


Instruments & Automation 
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RADIATION ALARM 


New Gammalarm makes it safer to 
use radioactive isotopes; responds di- 
rectly to a level as low as 3 mr-hr 


2966 


(1/100 of recognized safe permitted 
dose). When detecting radiation that 
exceeds level preset by user, it flashes 
rings bells and locks all 
doors to working areas. When safe 
radiation conditions prevail, green 
light indicates safety. Power failure 
is indicated when both lights go out. 
Picker X Ray Gorn. 20 2 Broad- 
White Plains, N. Y. 
23) 


red light, 


way, 


SERVO COUPLINGS 


New line of Flexible Servo-Cou 
plings combine zero backlash, low 


inertia, and high flexibility with 


dia. Bores available 
through Misalignments per- 

missible are +5° angular and 

+0.015” linear.—&-page bulletin gives 

details.—Renbrandt Inc., 6 Parmelee 

St., Boston 18, Mass. 

232 


length and 


PREDETERMINED COUNTER 


predetermining 
batching 
sorting, materials 
handling, packaging, and unit flow 
at speeds higher than 100/sec. Has 
individual plug-in decades which per- 
mit expansion to a 3- or 4-decade 
counter with no wiring change. 
Counter be actuated by relay, 
photo-electric control, micro-switch, 
or toggle switch. As totalizing counter, 
with 4 decades and 4-digit mechanical] 
register, counting capacity is 1,000,- 
000.—Standard Instrument Corp., 657 
York a2, N.Y. 
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New 
electronic 
machine 


Tally-Count 


counter controls 


cy¢ ling, 


can 


Broadway, Neu 


, 
1 


DELAY LINE TEST UNIT 


New test jig for inserting adjust- 
able source and load impedance into 
a circuit when testing delay lines, 
features plug-in resistors with poten- 


tiometer in series for adjusting to 
exact R; posts for connection to de- 
lay lines (for scope probe insertion) ; 
plastic assembly (minimizing stray 
capacity to ground) ; plug-in capacitor 
for adjusting input rise time.—Micro 
Time Ine., 18228 Parthenia St., North- 
ridge, Calif. 
234 


VISUAL CONTROL BOARD 


New Magne-trol provides records 
on magnetic steel board by visual ele- 
ments of either Alnico permanent 
magnets, magnetic card holders, ace- 


wens 


-j 


tate tape, colored plastic bars, cir- 
cular identification stickers, or mag- 
netic arrows. Standard size is 24” x 
36”, special sizes can be built. Bulle- 
tin contains details..-Methods Re 
search Corp., 448 Mosel Ave., Staten 
Island 4, N.Y. 
235 


MINIATURE WIRING DUCT 


New non-flammable vinyl plastic 
wiring duct features snap-in slot de- 
sign which allows wire to be laid 
after terminals have been attached. 


Makes a compact raceway for com- 
munications equipment, computers, 
mobile or airborne components, con- 
trol panel assemblies, ete.—Panduit 
Corp., 14461 Waverly Ave., Midloth- 
ian, Til. 
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FREQUENCY STANDARDS 





*3'%” high 


Frequencies: 
Accuracies:— 
Type 50 (+.02% at —65° to 85°C) 
Type R50 (+.002% at 15 
Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 
5V into 200,000 ohms 


400 - 1000 ey. Output, approx. 


PRECISION FORK UNIT 
TYPE 50 

Size 1” dia. x 3%” H.* Wght., . 

240 to 1000 cycles 





FREQUENCY STANDARD 
TYPE 50L 
Size 334" 2 $16" x 5%” High 
We ight, 2 Ibs. 





Frequencies: 50, 60, 75 or 100 cycles 
Accuracies :— 


Type 50L (+.02% at —65° to 85°C) 
Type R50L (+.002% at 15° to 35°C) 


Output, 3V into 200,000 ohms 
Input, 150 to 300V, B (6V at .6 amps.) 











Purl 





*312” high 


400 to 500 cy. 


optional 


Frequencies: 





Size 114” dia. x - 


Accuracies:— 
Type 2003 (+.02% at —65 
Type R2003 (+.002% at 15° to 35°C 
Type W2003 (+.005°% at —65° to 85° 

Double triode and 5 pigtail parts required 

Input and output same as Type 50, above 





PRECISION FORK UNIT 
TYPE 2003 

6” H.* Wght. 8 oz. 

200 to 4000 cycles 


Frequencies: 50 to 400 cycles 


Accuracy: +.001% from 20° to 30°C 
Output, 10 Watts at 115 Volts 
Input, 115V. (50 to 400 cycles) 


FREQUENCY STANDARD 
TYPE 2005 
Size, §&” x 8” x 714” High 
Weight, 14 lbs. 


(Specify) 




















_ FREQUENCY STANDARD FREQUENCY 
; TYPE 2007-6 STANDARD 
TRANSISTORIZED, Silicon Types’ TYPE 2121A 

Size 114” dia. x 344” H. Wght. 7 ozs. Size 








Frequencies: 400 — 500 or 1000 cycles 
Accuracies: 
2007-6 (+ .02% at —50° to +85°C) 
R2007-6 (+.002% at +15° to +35°C) 
W2007-6 (+.005% at —65° to +125°C) 
Input: 10 to 30 Volts, D.C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms 





834" 2 19" panel 
Weight, 25 lbs. 
Output: 115V 
60 cycles, 10 Watt 
Accuracy: 
+.001% from 20° to 30°C 
Input, 115V (50 to 400 cycles) 























FREQUENCY STANDARD 
TYPE: 2001-2 
> 3%" 2 414" 2 6" H., Woht. 26 oz. 
Frequencies: 200 to 3000 cycles 
Accuracy: +.001% 
Output: 5V. at 250,000 ohms 
Input: Heater voltage, 6.3 - 12-28 
B voltage, 100 to 300 V., at 5 to 10 ma. 





FREQUENCY 


Size, with cover 
10° ele HH, 


10” 2 19" « 8%” H. 
Weight, 25 lbs. 

Frequencies: 50 to 1000 cycles 

Accuracy: (+.002% at 15° to 35°C) 

Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 





STANDARD 
TYPE 2111C 


Panel model 














ACCESSORY UNITS 

for TYPE 2001-2 
L—For low frequencies 
multi-vibrator type, 40-200 cy. 


D—For low frequencies 
counter type, 40-200 cy. 


H—For high freqs, up to 20 KC. 
M—Power Amplifier, 2W output. 
P —Power supply. 








This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern- 
ment departments, armed forces—where maxi- 
mum accuracy and durability are required. 


WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 











Telephone: PLaza 7-1430 


Systems 


> 67 . 
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OFFNER 


All Transistor 


DYNOGRAPH 


A direct-writing oscillograph with 
unmatched features of superior- 
ity! Whatever your application 
for direct-writing recording, the 
Offner Type R All Transistor 
Dynograph will do your job 
better and more easily. Write on 
your letterhead for literature and 
complete specifications. 


TyPe 190 Differential 
DATA AMPLIFIER 


Zero-drift d-c 
amplifier with 
1/100% accu- 
racy. Linearity 
of better than 
0.05%. Gain 
stability of 
0.01%. Ripple of 
less than 0.1%. Infinite rejection of common 
d-c signals. Rapid response to step input. 
Ambient range —67°F to 170 F. Ask for 


Bulletin 572. 
Type 542 Two-Channel 
DYNOGRAPH 


Rapid response, high sensi- 

tivity, stability, compact con- 

struction, economical price — 

all features that make this 

all transistor, 2 channel unit 
ideal as a test instrument... practical for 
use at every laboratory bench. Ask for 
Bulletin 181. 


OFFNER 
ELECTRONICS 


3910 River Road, Schiller Park, Ill. 
(Suburb of Chicago) 
For more information circle 68 on inquiry card 
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CONTINUOUS GAS ANALYZER 


New Series 11-3000 Analyzer fea- 
tures no zero adjustments, and a 


completely “fail-safe” electrical cir- 
cuit. Unit incorporates diffusion-type 


heads, eliminating need for sampling 


pumps, rotameters, needle valves, flow 
failure devices, etc. Thus analyzer is 
well adapted for continuous gas-leak- 
age monitoring in unattended pump 
and gas compressor stations, tank 
farms, solvent storage areas, etc. 16- 
head modular system has slide-out 
type control chassis.—Davis Instriu- 
ments, 45 Halleck St., Newark, N. J. 
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MINIATURE-CONNECTORS 


New miniature M-S-type plug, des- 
ignated “KM”, developed for air- 
craft or missiles, features crimp- 
type, snap-in contacts to eliminate 
soldering and to facilitate field serv- 
icing. Hermetically sealed receptacles 
are also available.—Catalog KM-1 
contains details.——Cannon Electric 
Co., 3208 Humboldt St., Los Angeles 
31, Calif. 

238 


D-C AMPLIFIER 


New Model M-10 d-c amplifier for 
galvanometer type recorders provides 
linearity of better than 42%. 10 mv 


across the % megohm input resistance 
produce 1 ma current in a 1500 ohm 
load.—Mandrel Industrial Instru- 
ments, 5134 Glenmont Dr., Houston 
36, Tex. 


e 239 


BOILER WATER COLUMNS 


New Eye-Hye column has protrud- 
ing window which provides 180° read- 
ing of boiler water levels through 


brightly-illuminated green indicating 
fluid. Working pressures up to 2500 
psi. Can be equipped with visual or 
aural warning signals.— Bulletin 516B 
gives details.—Reliance Gauge Col- 
umn Co., 5902 Carnegie Ave., Cleve- 
land 3, Ohio 


240 


H-V POWER SUPPLY 


New high-voltage power supply SC- 
64, for use in spectrometry, has high 
degree of stability. Range of 500 to 
2000 v and two front-panel controls 
permit selection of any voltage be- 
tween 500 and 2000 volts.—Tracerlab, 
Ine., 1601 Trapelo Rd., Waltham 54, 
Mass. 
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CORE PLAN TESTER 


New fully transistorized test unit 
can be programmed for various com- 
binations of full- of half-current out 





puts. Currents are adjustable from 
zero to 1.5 amp. Rise time adjust- 
ments can be made from 0.3 to 1 
usee.—Transistor Applications, Inc., 
50 Broad St., Boston, Mass. 


n circle 242 on inquiry card. 





HIGH-TEMP RESISTORS 


New Electra Series 125 resistors 
available in three sizes from %& to % 
watt in values from 10 ohms through 
5 megohms, -feature less than 1% 


EG 











change after 1000 hours of full load 
at 125°C or 250 hours at 95% 
humidity with full wattage using the 
standard mil cycle. Meet or exceed 
all test requirements of Mil-R-10509B. 
Electra Mfg. Co., 4051 Broadway, 
Kansas City, Mo. 

t 243 


TAPE READER 


New Dykor Model C301 is a photo- 
electric perforated-tape reader for 
any standard punched-tape widths. 
feading speed range is 100 to 750 
characters/sec. Model has remote con- 


trols. Start-stop thyratrons may be 


triggered by pulses, contact closures, 
or by shifting d-c levels. Drive motor 
is controlled by remote momentary 
switches; on two-speed models, speed 
is also remotely controlled.-Digitron- 
ics Corp., Albertson Ave., Albertson, 
he he IN: 
244 


SERVO MOTOR GEARHEAD 


New precision gearhead for size-10 
servo motors is also available with 
size-11 mounting dimensions. Overall 


length is less than 1”; weight is 47 
grams. Ratios from 6:1 to 274:1 are 
available. Operating temperature 
range: 55° to +125°C.—Clifton 
Precision Products Co., Ine., 9014 
West Chester Pike, Upper Darby, 
Penna. 
For: 245 








Apart from a full line of 
Temperature CONTROLLERS 


users 
have proved 
these instruments 


by WEST 


See us at the Metal Show, 
Oct. 27th-31st, Cleveland, Ohio. 
Booth #2615 


Complete 
mopEt I SERIES Control Systems 
High Resistance jndicating handily centralizing instruments 


pyrometers 





MODEL RT SERIES 


MODEL JE series 


Resistance Thermometer indica- 


tors (and controllers) Portable high resistance indicators 


MODEL 
IN 
SERIES 


Multi-Point in- 
dicators with TC 
switches : MODEL AM series 


tubeless electronic potentiometer 
W E Ss T rabourme nh, 


CORPORATION 


SALES OFFICES IN PRINCIPAL CITIES 


4355 W. MONTROSE, CHICAGO 4I, ILL. 





strip chart Recorder 


For data on these or 
controller instruments, use your 
classified phone directory or write direct, 


British Plant’ WEST INSTRUMENT LTD 
52 Regent St, Brighton 1, Sussex the trend is to WEST 


Represented in Canada by Upton Bradeen & James 
For more information circle 69 o 
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610” %6:4.525" OD. . . . wall 
thickness down to 0.0015’ 
held to extremely close tolerances. 











Round, rectangular, oval or square 
—formed to any specifications. 


ALLOY 


Copper, brass, aluminum, nickel 
and nickel-alloys, Ni-Span C, phos- 
phor-bronze and nickel silver, 





TECHNICAL DATA 


. to help your product. Write 
for Tubing Know-How Booklet to 
Precision Tube Company, North 
Wales, Pa. 


"4 | 
LARECISION 


TUBE COMPANY 


For more information circle 70 on inquiry card. 
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DEWPOINT CONTROLLER 


New dual Dewtronik consists of 
two complete atmosphere sampling, 
analyzing, and controlling means, 
mounted in one cabinet, with one two- 
record strip chart, indicating and re- 


cording controller. The dual instru- 
ment is applicable to the simultane- 
ous control of endothermic-type spe- 
cial gas atmospheres as sampled from 
two generators, one generator and a 
related or separate furnace, two 
furnaces, or two zones in the same 
furnace.—Ipsen Industries, Inec., 715 
South Main St., Rockford, Ill. 

i rea ‘ ,+ n ° 246 e - 


LINE-OPERATED pH METER 


New electronic small-size unit is 
ideal for pH determinations potable, 
cooling and waste waters, boiler con- 
densates and feed waters, and oil 
field blends and brines. Permits con- 
venient standardization without 
buffer solutions.—Hagan Chemicals 
& Controls, Inc., Dept. 410, Box 1346, 
Pittsburgh 30, Pa. 

F nt enat tae e 247 


WHITEPRINTERS 


New Scott is a rapid-printing, low- 
priced, semi-automatic (2 step feed) 
dry-process whiteprinting machine. It 


prints and develops at speeds up to 
20 ft/min and accommodates prints 
up to 45” in width and of practically 
and length. Pamphlet gives details.— 
C. F. Pease Co., 3967 N. Rockwell 
St., Chicago 18, Ill. 

r more information circle 248 on inquiry card. 
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NEY MOLDED 
CONTACT 
ASSEMBLIES 


Impressive cost savings and greater 
reliability are inherent in the use 
of the new Ney molded contact 
assemblies. For use with printed 
commutators, potentiometer wind- 
ings, slip ring assemblies and 
printed rotary switches, these as- 
semblies are available in a standard 
line now being manufactured by 
Ney, or can be designed to custo- 
mer specifications. 


Seven prime advantages are (1) a 
complete single or multiple brush 
assembly ready to use, (2) no weld- 
ing or soldering, (3) reduction of 
adjustment during assembly into 
unit, (4) insured uniformity of de- 
sired gram pressure, (5) reduced 
inspection costs, (6) time tested 
Ney alloys for reliability, (7) will 
withstand extremes in operating 
environments. 


= 


The J. M. Ney Company 


P. O. Box 990, Dept. F, Hartford 1, Conn. 


For more information circle 71 on inquiry card. 











A/D CONVERTER 


Incremental Analog-to-Digi- 
Model P Series, fea- 
15,000 rpm readout @ 128 

(Model P-1), 5000 rpm @ 


New 
tal Converter, 


tures 
cts/rev 


readout 512 cts/rev (Model P-2) 2500 
rpm @ readout 1024 cts/rev (Model 
P-3). Has sampling rate of up to 45,- 
000 cts/sec. Voltage output is 6 volts 
1 ma (standard) with up to 18 V avail- 
able.—Jones & Wettlaufer Engineer- 
ing Corp., 11780 W. Pico Blvd., Los 
Angeles 64, Calif. 
a ° 249 


TRANSISTORIZED 
PRESET COUNTER 


Dynaset features transistors, 
glow-decade counter 


New 
direct-reading 
tubes, 
contact 


and relays of wetted-mercury- 
type 


with components 


mounted on etched circuit plug-in 
boards. Direct readout is also avail- 
able through “Nixie” neon tubes, or 
counter can be adapted to operate 
printed readout devices. Preset range 
is 0 to 180,000 counts/min with in- 
stantaneous reset (no loss of count); 
totalizing speed is 0 to 300,000 
counts/min.—Dynapar Corp., 5150 


Church St., Skokie, Il. 
Fre maraliiGinehan crete ae 





MOTOR TACHOMETER 


10 damping-type 400- 
tachometer Model 
features a minimum 


New size 
cycle motor 
SJ9HLX7-1CC 









torque of 0.5 inch-oz and a 


stall 
high output gradient of 0.500 v per 


thousand rpm. Operating tempera- 
ture range is —54°C to +105°C.— 
Eastern Air Devices, Inc., 347 Cen- 
tral Ave., Dover N. H. 

For more information circle 251 on in juiry card. 


















WaT 
BOURDON 
TUBE 
GAUGE 






























liquid 
column 


accuracy 





beyond liquid 


column range 


A combination of Ni-Span-C* 
Bourdon tubes, a special 


ratio linkage and custom 
calibration set these W&T 
gauges apart. Use of 
corrosion-resistant 
Ni-Span-C eliminates 
temperature compensation, 
makes the gauge usable in 

a wide variety of applications. 
Dual Bourdon tube 
mechanism provides high 
accuracy measurements of 
absolute or differential 
pressures without applying 
any system pressure 


to the gauge case. 


The special ratio linkage 
provides low friction, 
practically no hysteresis. 
Custom calibration means 
rapid, accurate readout, 

as in all W&T precision 


gauges have: 


pressure instruments. 


W&T Bourdon tube 


Max. Range—0-500 p.s.i.; 
absolute, gauge or differential 
Min. Range—0-30 p.s.i.; 
absolute, gauge or differential 
Sensitivity—1:8000 
Accuracy—0.2% of full scale 


range 


Hysteresis—negligible 
Temperature effect—0.075% 


of range/10°C 


For full information and technical 
data address Dept. A-123.48 





WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


® REGISTERED TRADEMARK, INTERNATIONAL NICKEL CO, 








CHLORINATOR OR 
SULFONATOR / 


‘CYANIDE OR 


_ RECORDER — CONTROLLER 





—OR.P CELL 





CHROME ——=— 





WASTE 


For Full information on 


An oxidation-reduction potential cell, monitoring treated waste 
provides the signal for recording and controlling treatment 
chemical quantities in a typical W&T waste treatment system. 









HARMLESS 


WASTE 







WALLACE & TIERNAN INCORPORATED 





Industrial Waste treat- 
ment write Dept. 1-66.48 





25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
in Canada, Wallace & Tiernan, itd. — Toronte 





For more information circle 72 on inquiry card. 
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N cE.800 


etectrric COUNTER 


Improved and dust tight enclosed version of the 
PIC Wizard Electric Counter — unchallenged 
leader in operating reliability and long count 
life for more than thirty years. 


Accurate Counting 
at Low Cost 


200 million Count Life—sustained accu- 
racy and lowest cost per 100 million counts. 


DC Operating Reliability from AC— 
through built-in rectification. 


Tested at 1000 CPM—speeds to 1600 
CPM with suitable actuation 


Only 5 watts input—operates from plate 
of electronic tubes. 


Balanced armatures—reduce effect of 
vibration on air borne equipment. 


Dust tight enclosure—die cast aluminum 
with gasket seal 


Enclosed wiring compartment—for 
wiring without breaking dust tight seal. 


Six-digits; enclosed and panelmount 
models; knob or key reset; all standard 
frequencies and DC: standard voltages 
to 230. 


S ‘ 
7 | RATED 


Distributor Stroke Counters 
or send Revolution 
for 
Catalog. 


Counters 
Electric Counters 
and Actuators 
Coil Winding Counters 
Utomatic Batch Counters 


VFoodiilou Suthemendt 
DIVISION OF GENERAL CONTROLS CO. 
8062B McCormick Blvd., Skokie, Ill. 


A 


42 Branch Offices and Representatives 
serving USA and Canada 


For more information circle 73 on inquiry card 
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NEW INSTRUMENTS 





ENVELOPE DELAY METER 


New Types 451-A and 452-A En- 
velope Delay Meters measure absolute 
amplitude and relative delay char- 
acteristics of 600-ohm transmission 
lines, lumped constant networks, etc., 
in frequency range of 200 cps to 24 


ke. Overall precision and accuracy is 


+50 usec. Transmitter 451-A can be 
used at one terminus of the line and 
Receiver 452-A at the other. The fre- 
quency meter on both transmitter and 
receiver indicates the carrier fre- 
quency; error is less than +2.5% 
full scale. Output level is adjustable 
in 5 db steps from —20 ohm to +10 
dbm. Receiver accepts data from +10 
dbm to —35 dbm peak power. Delay 
meter scales are 2 ms and a 20 ms.— 
Acton Laboratories Ine., 531 Main 
St., Acton, Mass. 
252 


BENCH TYPE TESTER 


New Quick-Test hydraulic instru 
ment performs tensile, compression, 
shear and transverse-deflection tests 
up to 160,000 psi on 0.252” dia sam- 


ples. Is adaptable for testing resist- 
ance under various compression loads. 
Literature available.—Truck Scale 
& Research Corp., P, O. Box 1047, 
St. Petersburg,. Fla. 
253 





Dynisco 





PRESSURE 
TRANSDUCER 


MODELS 


Incorporates 


Unbonded Strain Gauge 
HIGHLIGHTS 


SS” 


Bm EXTREMELY SMALL 
FLUSH-MOUNTED 
PRESSURE DIAPHRAGM 


Bm HIGH NATURAL FREQUENCY 


m |/, °%, ACCURACY 
m STANDARD UNITS 
GUARANTEED AND TESTED 
TO + 300°F 


Bm UNITS AVAILABLE TO 
OPERATE AT -+-500°F 


PRESSURE RANGES 
PT 31 0-300 to 0-5,000 PSI 
MOUNTS IN §/16-24 THREADED HOLE 
REQUEST BULLETIN NO. 131 


PT 32 0-6,000 to 0-15,000 PS! 
MOUNTS IN %-24 THREADED HOLE 
REQUEST BULLETIN NO. 132 


For more information on Dynisco 
pressure, force, flow, and dis- 
placement pickups, 


. 
. 


DYNAMIC INSTRUMENT CO. 


42 Carleton Street 
Cambridge 42, Mass. 
UN 4-7260 
































SCINTILLATION 
SPECTROMETER 


New exclusive design introduces 
new concept in automatic data proc- 
essing in the field of atomic instru- 
mentation, providing automatic his- 
togram-plotting of integral or differ- 
ential spectra. Against the conven- 








chan- 





tional way, which uses a single 
nel spectrometer, attaching a motor 
drive to the base line, and replacing 
the scaler with a ratemeter and _ re- 
corder, thereby developing a counting- 
rate vs base-line curve, this instru- 
ment utilizes a step drive rather than 
continuous drive on the base line 
control and a count integrator in- 
stead of the ratemeter. This leads to 
a reduction of “itter”’ in the r 
corder data._-Paird-Atomie, Ine., 
University Rd., Cambridge 38, Mass. 


. 
2° 
oo 
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PRESET COUNTERS 


New Preset Electronic Counters 
Model 320 Series feature two and 
three decade plug-in modules, plug- 
in amplifier and control unit, and 
regulated power supply. Counter is 
available from two or six decades 
with additional decades optional. Has 











four methods of control when preset 
count is reached: (1) With switch 
at “pulse only” a pulse of high nega- 
tive amplitude appears at both the 
panel “output” connector and the 
rear connector, then counter resets 
itself. (2) In “relay” position a con- 
trol relay closes up to 5 see deter- 
mined by “hold time’? control switch. 
(3) In the “relay latch” position the 
control relay is held closed indefin- 
itely. A “reset” button on the panel 
clears the system for the next count- 
- group.—Erie Instrumentation, 
Erie Pacific Div., 12932 South Weber 
Way, Hawthorne, Calif. 
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EISE GAUGES 























F Heat and cold have no effect on 

he Heise High Precision Pressure 
Gauge equipped with the new 
Thermal Compensator. (Patent ap- 
plied for) 

Developed by the Heise Labora- 
tories, manufacturers of the 
world’s finest pressure measuring 
instruments, this unique device 
now eliminates all error due to 
thermal variations. Pointer errors 
caused by linkage growth and 
changing modulus in the Bourdon 
Tube are positively and precisely compensated by the equal 
and opposite action of a scientifically designed and balanced 
bimetal bar to maintain calibration through a temperature 
range from 0° to 100°F. 

Even exposed to rapidly changing weather outside the 
confines of the laboratory, the Heise Gauge upholds its tra- 
ditional position as 

THE STANDARD OF THE WORLD 
Pressure Ranges 15 to 20,000 P.S.I. Dial Sizes 812-12-16" 
Prices from $196.75 DELIVERY WITHIN 30 DAYS 


q Write for Catalog 
HEISE BOURDON Mette i eeittnho cde 
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. RST 
-INSTRUMENTS 
for 


LABORATOR ¥/PR« )DUCTION 


Sensitive Detection of 
_ Microwave Energy 


\PRECISION “ 
\ TEST 
“RECEIVER 


™~ 


The AIL Type 130 Precision 
Test Receiver (30 and 60 Mc 
standard units available) is a 
versatile instrument combin- 
ing a high gain, 
figure receiver and a second- 
ary standard of attenuation. It 
can be used wherever accurate 
measurements of the differ- 
ences of r-f and i-f power 
levels are required. A few 
typical applications are: 
noise - figure measurement, 
measuring characteristics of 
directional couplers, calibra- 
tion of r-f attenuators and 
measurement of selectivity 
characteristics. 

Detailed literature is avail- 
able on request. 


low-noise 


AIRBORNE 

INSTRUMENTS 

W:¥-10) o-WhOl ad 

A DIVISION OF CUTLER-HAMMER, INC. 
1345 NEW YORK AVENUE 
Huntington Station, L. I., N. Y. 


nore intc tie e 77 - , card. 


RECTILINEAR RECORDER 


New 12-channel Model RE-12 re- 
cords with ink or electric writing; 
features true rectilinear motion, ex 


3157 
cellent transient without 
resonant peaks, ring 
ing; frequency range de to 200 cps; 
pushbutton selection of 18 chart 
speeds from 0.5 em/hr to 200 mm 
sec: event marker; footage indicator; 
remote operation with plug-in con- 
trol unit. Recorder element is Model 
M-133A with 20 ma rms full-scale 
sensitivity. Dual-channel de ampli- 
fier and various accessories available. 
Massa Laboratories, Inc., Hing- 
ham, Mass. 


response 
overshoot, or 


256 


INSULATION TESTER 


New Model 
MD-1 porta- 
ble Insulation 
Breakdown 
Test Set op- 
> erates from a 
i 4 nominal 115-v 
ae 60-cps power 
source or 
nomi- 
supply; is housed 
hinged and 
gasketed cover as well as rubber feet 
for added protection when in use. 
ludustrial Instruments, Ine., 89, Com- 
Rd., Cedar Grove, eo 
257 


from a 
nal 24-vde 
in a plywood case 


power 
with 


merce 


MAGNETIC METAL INSPECTOR 

New Ferroflux 
inspection device 
both surface and 


low-cost magnetic 
effectively detects 
sub-surface defects 


3132 


in ferromagnetic materials. Its port- 
ability (23 lb) makes it possible to 
“take the inspection device to the 
parts instead of taking the parts to 
the inspection device.”—Ferro Ma- 
chine & Tool Co., 5514 W. Washing- 
ton St., Indianapolis 21, Ind. 
nf e 258 on 
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HOLLOW-SHAFT DIFFERENTIAL 


New miniature 2-pinion, hollow 
shaft differential was developed for 
additive or subtractive operations in 
precision computing equipment. Iner- 


tia is 0.075 oz in? with one end geai 
locked, 0.086 oz in® with spider and 
shaft stationary, 0.298 oz in? with 
input through shaft, one side gear 
stationary. Total backlash is not 
greater than 7 min at 2 in oz torque. 

Librascope, Ine., Commercial Div., 
10 East Ve rdugo A Ve., Bu rhan k, 
Calif. 
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ARMORED BUNDLED TUBING 


New 24-gauge, galvanized-steel 
armor of modified square-lock con- 
struction, with a cord packing in all 
joints, offers maximum resistance to 
vapor and moisture penetration. Avail- 
able over individual metal or plastic 


tubes covered by a_ thick plastic 
sheath; with additional plastic sheath 
extruded over the metal armor; metal 
or plastic tubes covered with two 
layers of Mylar-backed tape over 
Which the armor is wound; or as 
Dekoron Protecto-Pae Type FB which 
consists of indivdual plastic tubes 
covered by a heavy plastic sheath, 
two layers of Mylar-backed asbestos 
insulating tape, metal armor, and a 
flame-retardant outer sheath of ex- 
truded plastic.—Samuel Moore & 
( ‘ompany, Dekoron Products Div., 
Mantua, Ohio. 
260 


CRYSTAL FILTERS 


New high-performance crystal 
filters feature unique design per- 
mitting center frequencies of 30 ke 
to 380 Me and fractional bandwidths 
of 0.01% to 6%. Advantages include 
HF filtering, high selectivity, low 
passband ripple, low insertion loss, 
small size and weight, temperature 
stability, and excellent shock and vi- 
bration stability—Hughes Products, 
International Airport Station, Los 
Angeles 45, Calif. 
F e information circle 26 





HAND TACHOMETER 


New hand-tachometer is specially 
designed for particularly accurate 
speed measurements in laboratories, 


test beds, and in quality control or 
production tests. Accuracy is +0.25°% 
of full scale-——Write for Bulletin 
35-78.—James G. Biddle Co., 1316 
Arch St., Phila. 7, Pa. 

f t 262 


SYNCHRONOUS MOTOR 


New Hypersyn permanent-magnet- 
run hysteresis-start motor features 
up to 90°7 efficiency, damping ‘‘far 
superior to any other hysteresis mo- 
tor,” new rotor construction which 
“combines desirable features of other 
known motors without their disad- 
vantages ....3 times the output from 
the same frame size as a conventional 
hysteresis motor.” All speeds and 
sizes from 1/100 to 1 hp.—Bekey 
Electric Co., Inc., 1327 S. Main St., 
Los Angeles 15, Calif. 

» inf vf 263 


VALVE ACTUATOR 


New Valvmatic converts installed 
valves from hand-operation to elec- 
tric motor operation; can be installed 


by plant labor with ordinary tools 
without disturbing piping or replac- 
ing existing valves; is push-button- 
operated. In event of power failure, 
valve can be restored to manual op- 
eration by removing two pins. Posi- 
tion and torque limits are provided 
in both directions of rotation to pre- 
vent valve injury. Valvmatic can be 
moved from one valve to another.— 
C. H. Wheeler Mfg. Co., 19th and 
Lehigh Ave., Philadelphia 32, Pa. 
information circle 264 on inquiry card 


For more 


Eliminate even 
minute leakage 


JS, O-RING 
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O SEAL ADAPTER 


One 


 Oseail fittings 


Swagelok O Seal Fittings, with straight machine threads, eliminate every 
possibility of leakage that usually accompanies the use of ordinary taper 
pipe threads. 

Swagelok O Seal Fittings are completely assembled, ready for immedi- 
ate use. The O ring seal is held in the body of the fitting and a variety of O 
ring materials for specific applications is available. 

Installation of Swagelok O Seal Fittings is simple. Just drill and tap — 
no counterboring or port contour cutting necessary. The use of messy pipe 
dopes or sealants of any kind is completely eliminated. 

Screw in Swagelok O Seal Fitting, tighten and the installation is com- 
plete. A pressure or vacuum seal can be obtained against any flat surface. 

A wide variety of connections is possible thru the use of Swagelok O 
Seal Adapter. 

Swagelok O Seal Fittings are available in all machinable metals and 
plastics in tube O. D. sizes from 1/16” thru 1”. 


For name of your local Swagelok Distributor, write Dept. BS 


CRAWFORD FITTING COMPANY 884 East 140th Street, Cleveland 10, Ohio 


For more information circle 78 on inquiry card. 
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DAVIS INSTRUMENT =, GREENBRIER 
DIVISION INSTRUMENTS INC. 


Present a complete line of 


CHROMATOGRAPHIC 
INSTRUMENTS 


for Laboratory and Industrial 
Process Stream Analysis and Control 





A complete line of instruments utilizing AIR, as 
the carrier gas. NO HELIUM REQUIRED! 


Write for Technical Bulletins. 











ESERIES DAVIS INSTRUMENTS GREENBRIER 


DAVIS) Ravel INSTRUMENTS. INC. 
| Equipment Co., inc P.0. Box 382 


DivIiSiOn 47 Halleck St.. Newark 4.6. J Ronceverte, West Virginia 








TANKOMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


TANK MAY BE BURIED, Also gauges for: 
ELEVATED, OPEN, Barometric Pressure (Mercury Column) 


CLOSED, VENTED OR Absolute Pressure (Mercury Column) 


Pressure and Vacuum 
UNDER PRESSURE OR Differential Pressure 


VACUUM Inclined Manometers for draft. 
SEND FOR BULLETINS pressure or differential pressure. 


INSTRUMENT CO. arcnson 


e 80 nm imquiry ara 






































PLASTIC BOXES 
For Your QUALITY INSTRUMENTS 


e No Mold or Die Cost 
e Made to Your Order 

and Your Specifications 
e Small Quantity Runs Invited 
Our cases are manufactured from strong, crack 
and mar resistant melamine plastic. 150 attractive 
patterns including wood grains to sell your prod- 
ucts. 

Send For Our 8 Page Color Brochure 

For Prompt Quotation Send Prints or Sketch To 


WARWICK PRODUCTS CO. 


1575 Riverbed Rd. « Phone CH 1-6260 « Cleveland 13, O. 
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VACUUM SYSTEM 


New BD-40V_ Production Vacuum 
System is designed for silicon de- 
position, vacuum metalizing, ete. 


Complete system includes mechanical! 
pump, 3” diffusion pump, cold trap, 
gaging and controls. Ultimate pres 
sure: 5x10-- mm Hg. Bon-De Elec 
tronic Laboratories, Ine., Danvers, 
Mass. 
' 265 


PRINTED CIRCUIT CONNECTOR 


New Series UPCC-ML printed cir- 
cuit connector has straight-through 
terminals on male member, placing 
connector body at right angles to 
printed circuit board—an arrange- 
ment that facilitates assembly in many 
cases. Made with 7, 11, 15, 19, and 
23 terminals. y. Ss omponents, Ine., 
454 BE. 148th St., New York 55, N.Y. 
f t 266 


SUBMINIATURE LAMPS 


New subminiature lamps can be 
used instead of No. 44 lamp in stand- 
ard T3'4, lamp base. Lamp is_ per- 


Re 327, 328 or 330 


it fh 


Adapter 32773: 
328T3z 
orj30T 35 


manently set in adapter and the two 
become a single unit. When lamp 
burns out, adapter is also discarded. 
New combination lamps can be used 
in computing and readout devices 
using standard T3% lamp base. 

Industrial Electronic Engineers, 3973 
Lankershim Blvud., North Hollywood, 
Calif. 
f 267 












FLAT MOTOR 


New Type VS permanent-magnet 
ball-bearing de motor, meets MIL 
specs on humidity, salt spray, shock, 


es , 


4 ” tes 
pe 3140 
vibration, fungus, ete.; can provide 
starting torques up to 1 oz-in (de- 
pending on rating); is available for 
intermittent or continuous duty, with 
armature windings for system volt- 
ages from 3 to 50 vde, and to pro- 
vide desired speed under specified 
operating conditions.—Globe Indus- 
tries, Inc., 1784 Stanley Ave., Dayton 
1, Ohio. 
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MOTOR-GENERATOR 


New Mark 12 Mod O and Mark 12 
Mod 1 each combines a Size 15 servo- 
motor with a Size 15 tachometer-gen- 
erator, both of 1.4837” diam. Motor 
can be furnished for 115 v on both 
phases, or with 115 v on fixed and 
230 v on control phase, all 400 cps. 
Stall torque 1.45 oz-in; no-load speed 
1800 rpm. Tachometer-generator por- 
tion is for operation on 115 v_ 400 
eps; has a gradient of 3.2 mv/rpm.— 
G-M Labs... Inc., 4300 N. Knox Ave., 
Chicago 41, Il. 
nformatior 269 


EXPLOSIVE VALVE 


New normally-closed compact 
light-weight SEV-22 Explosive Valve 
with a self-contained explosive squib 
is a dead-tight, shut-off valve for 
storage of gas or liquid under high 
pressure at temperatures from —65‘ 
to 160°F. Maximum operating pres- 





ha’ 

sure: 6000 psig; proof. pressure: 
10,000 psig. One amp electrical cur- 
rent is required to fire the explosive 
squib and open an unobstructed flow 
passage with an equivalent orifice of 
5/32” dia in 0.002 sec. Products of 
combustion are completely sealed in 
the explosive chamber and the dia- 
phragm is trapped by the ram elimi- 
nating any possible contamination of 
the system by this foreign material. 

Conaxr Corp., Explosive Products Div., 
2300 Walden Ave., Buffalo 25, N. Y. 
f e inf at 270 y card 











Nothing but the best in gages for working pressures from 30” vacuum to 10,000 p.s.i. 


~ These details of Helicoid gage design 
assure longer life and enduring accuracy 


Patented in the U.S.A. and in foreign countries 
U. S. Patents: No. 21934, 2294869 
The tension in the stain- 
less steel hair spring 
maintains smooth, con- 


tinuous contact between : The cam sector is alumi- 
the cam facing and the | num—to reduce inertia 
helicoid roller. to a minimum. 
< mae > | - Standard bushings are 
ge py. a graphited Bakelite. 









The roller is stainless 
steet with a highly pol- 
ished helicoid surface. | 

' 


& = The connecting link 
—_ and the screws are 
hardened K Monel. 
The roller pivot is ball - ane 
shaped and rides on a Pe) The polished cam 
graphited Bakelite disc. facing is graphited ss 
Bakelite. It will not eee ee Baie 
r tort. 's ” 
~~ anes pointer ad- warp or distort tate calibrating the Hel- 
justment screw is stain- icoid Gage. ? 


less steel. 


The superiority of Helicoid Gages is most evident in severe 
service — wherever a gage is subjected to violent pressure pul- 
sations or severe mechanical vibrations. 

The sustained accuracy of Helicoid Gages over millions of 
cycles is explained by the details of design and construction 
of the Helicoid movement shown above. Such Helicoid fea- 
tures— protect against wear and corrosion and assure sensi- 
tivity, sustained accuracy and trouble-free operation. 


bd 
Be 


nase 
Re RD 


The Chemical 

Gage 
The Helicoid Chemi- 
cal Gage has a guar- 
anteed accuracy of 
plus or minus 1%. It 
is applicable for work- 
ing pressures from 30” 
vacuum to 5000 p.s.i. 
and temperatures to 
400° F. It is particularly suitable 
for chemicals and other viscous 
fluids which might clog or corrode a 
Bourdon tube. Pressure and or 
vacuum is transmitted directly to 
the indicating gage element through 
deflection of a Teflon or Kel F seal- 
ing diaphragm. 


ape 
as 


’ . 

Tubes built for 
millions of 
pressure 
pulsations 
To fit the wide range of applica- 
tions, Helicoid Bourdon tubes 
are available in four materials 
—alloy steel, K Monel, stainless 
steel and phosphor bronze. 

All Helicoid tubes are made 
from seamless tubing and are 
carefully designed to give maxi- 
mum torque and minimum 
stress. When used within the 
dial range, they will withstand 






Be 





Seer 


7 
he 





pre 








many millions of pressure pul- 
sations and will not stretch, 
leak or crack. 


For complete information on 
the Helicoid line of gages write 


for Catalog G-52 
Helicoid gives you all these features at prices that 
a) are competitive in the quality gage field. 





Helicoid Gage Division 
AMERICAN CHAIN & CABLE 


929-B Connecticut Avenue + Bridgeport 2, Connecticut 
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CONSULT DIGITRONICS CORP., 

designers and manufacturers of high 
reliability, minimum volume DYKOR* 
Lumped-Constant and Continuously Variable 
Delay Lines . . . custom-crafted, quality units 
at the lowest possible price. Offering 
delays of from milli-microseconds to 
multi-milliseconds, precision-engineered 
DYKOR Delay Lines deliver proven 

long life and peak performance even under 
the most adverse conditions. Available 

in delays, shapes, sizes and terminal 
arrangements to suit your requirements. 


DYKOR LUMPED-CONSTANT DELAY LINES 
FEATURING— 
@ HERMETICALLY SEALED, EPOXY-MOLDED 
OR OPEN CONSTRUCTION 
@ HIGHEST DELAY-TO-RISE TIME RATIO 
@ EXTREME ACCURACY 
@ WIDE TEMPERATURE RAN 
@ LOWEST TEMPERATURE COEFFICIENT we. 
@ MEET ALL APPLICABLE MIL > ° 
SPECIFICATIONS \ s 


DYKOR CONTINUOUSLY VARIABLE DELAY LINES IT’S DIGITRONICS, 
FEATURING— TOO, FOR DIGITAL 
@ INFINITE RESOLUTION F HANDLING AND CON- 


@ NO SLIDING CONTACTS 

@ LOWEST TEMPERATURE COEFFICIENT ; TROL: SYSTEM DESIGN 
@ HIGHEST DELAY-TO-RISE TIME RATIO AND ENGINEERING! 
@ EXTREME ACCURACY ; 

@ GREATER VERSATILITY IN USE 


ots 2 a508 
Dhow 


rite CULT ae 


Brew offers you the “one source” for Distributed 
Constant, Lumped Constant, and Ultrasonic Delay 
Lines. You and your product will benefit from Brew’s 
modern and complete production facilities, pioneer ex- 
perience, and complete cooperation from our personnel. 


DELAY LINES DESIGNED TO YOUR SPECIFICATIONS 


Richard 0. Brew and Company, Inc. 


. Concord, New Hampshire 
design development . manufacture 


For more information circle 84 on inquiry card. 
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DESK-TOP DATA PROCESSOR 


New Data Processor, for use with 
tabulating cquipment and_— systems, 
and computers, cuts tabulating card 


files by 506, and doubles productivity. 


. It accepts fixed data from tabulating 


or edge-punched cards and variable 
data through its simple keyboard. 
These two data inputs are automat- 
ically combined and punched out on 
tape. Tape output can be fed directly 
to a computer or to a_ tape-to-card 
converter. Taller & Cooper, Inc., 75 
Front St., Brooklyn :. N.Y. 
271 


VOLTAGE REGULATORS 


New Stabiline Type EMT4104U 
(left) automatically regulates fluc- 
tuating ac lines to maintain a constant 
output voltage regardless of line or 
load changes; is said to be ideally 
suited for applications regarding con- 
trol of loads up to 35 amp. ¥ New 
Stabiline Type EMT25136U_ (right) 
provides automatic gradual power 
run-up and constant regulated voltage 
for high-priced complex vacuum tubes. 
Input voltage ranges 108-132 and 
216-256. Output voltage adjustable 
from 9 to 24 with sensitivity within 
a 1-v band at any setting. Max load 
25 amp. x New Stabiline TM (tube- 
less magnetic) automatic voltage reg- 
ulators, for unattended or critical 
process applications or where condi- 
tions cannot tolerate moving parts, 
have no tubes, transistors or moving 
parts. Voltage sensing is accomplished 
by means of a static reference cir- 
cuit. Available in 1- and 5-kva ratings 
for 115-v 60 cps -& 5% single-phase 
duty. Accuracy within 1 volt at a 
single frequency for line and/or load 
and power factor.—The Superior Elec- 
tric Co., Bristol, Conn. 

f a int stior role 272 


HOUR METER 


New explosion- 
proof hour meter 
for use on fork lift 
trucks, gasoline or 
diesel engines, gen- 
erators or air com- 
pressors which 
might be located in 

3145 hazardous locations, 
is available for 12 and 32 vde appli- 
cations. Its case is UL- ee un- 
der Class 1, Group D _ specs.—John 
W. Hobbs Corp., Yale Blvd. and Ash 
St., Springfield, Ill. 

For more informat e 273 





POWER SUPPLY 


New Model 

GX delivers 

30) vde with 

115-125 vae 

input. Two 

versions: one 

delivers 0-2 

amp; the oth- 

er 0-5 amp. 

3134 Both provide 

transformer taps so that output vol- 

tage can be adjusted to 30 vde for 

various values of line and load.— 

Gates Electronic Co., 2090 Barnes 
Ave., Brons 62, New York. 
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INFINITE RESOLUTION VDR 


New Model 85175 Spiralpot is avail- 
able with either three or ten turns 
and resistances from 2 to 250 ohms 
per turn. Unique design: a formed 
noble-metal alloy. wiper brush con- 
tinuously contacts a single helically- 
wound length of noble-metal resis 
tance wire. Infinite resolution and 
exceptional linearity (0.10 to 0.05°% ) 
are advantageous in measurement 
systems and computers and make 
possible a simple solution to high- 
resolution servo systems’ “hunting 
problem.” —G. M. Giannini & Co.., 
Inc., 918 EF. Green St., Pasadena 1, 
Calif. 


-“ .-.on the computer reel 


FOR HIGHEST- PRECISION COMPUTER APPLICATIONS... 


MASS FLOWMETER has three important features* 


New air or gas flowmeter provides 
direct reading of total mass flow in 
spite of temperature and pressure Type EP Audiotape is the extra-precision magnetic instrumentation 
tape that is guaranteed defect-free. Now EP Audiotape is available in 
a form particularly suited to electronic computers. It is made on both 
1.5-mil cellulose acetate and polyester film. Tapes are 2500 x 1%”. 
Every reel is tested by a 7-channel certifier before it leaves the factory 
and is guaranteed to have absolutely no “dropouts” (microscopic imper- 
fections causing test signal to drop below 50% of average peak output). 


SK Reel is Audio’s computer reel — an opaque polystyrene 1012” reel 
with a hub diameter of 5.125”. Each reel comes with pressure-sensitive 
identification labels and a yellow polyethylene drive slot plug. 


Two photo-sensing markers are accurately placed on the tape, one 14 feet 
Ree F : ; ‘ from the hub end, the other ten feet from the other end. These markers 
variations; is calibrated directly in are vaporized aluminum sandwiched between the base and low flow 
milligrams of air per minute; utilizes thermosetting adhesive. Both markers are firmly placed and wrinkle-free. 
a heated thermopile element in a flow 
tube, with thermopile circuit  self- Container is of transparent polystyrene and 
compensating for both ambient tem- made especially for the computer reel. A 
perature and rate-of-change of tem- center-lock mechanism and peripheral rubber 
perature. (Flow tube can be installed gasket seal the reel from external dust and 

in line or placed in a by-pass.) This sharp changes in temperature and humidity 
type of thermal flowmeter has ad- 
vantages over type utilizing tempera- EP Audiotape on the computer reel has been 

ture rise across heater: power re- | used in large computer installations with per- 

quirements much less and pressure fect results. Although the reel, markers and 

drop minimal. Two models: MF-1, container are designed for specific computers, the tape is the same 
range 0 to 10,000 mg/min; SM-1, precision EP Audiotape that has stood the tests of time and operation 
range 0-500 mg/min. Other models on hundreds of applications in automation, petroleum seismology, tele- 
available for panel mounting, also metering, and electronic computing. To get the complete specifications 
with a 5-position selector switch.— for type EP Audiotape on the computer reel — or for a Company repre- 
Hastings-Raydist, Inc., Hampton, Va. sentative to call— write on your company letterhead to Dept. TI 
For more information circle 276 on inquiry card. AUDIO DEVICES, INC., 444 Madison Avenue, New York 22, N. Y. 
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GAMMA-INTENSITY RECORDER 
CONTROL SYSTEMS FROM STOCK UNITS! New battery-operated —transistor- 
F : : 


ized GITR (Gamma Intensity Time 


mannii P| Recorder) automatically records on 


os. yo p PETE 
© * ee eas ee 
LCM J tel 7B +" S3S33esses. | 
ieee f . 


PULSE SORTER REVERSIBLE COUNTER 


OUTPUT PICK-UP 


*Steeee ‘ws 
ACTUATING [eneRhthean EI 


weewe, 


Oo KAA 
a MOTOR LADDER NETWORK 
SERIAL 


COMMAND (0) 7 © 5 3153 
PULSES ve AMPLIFIER 
magnetic tape the time and intensity 
of gamma radiation to which it is 
DIGITAL CONTROL SYSTEM USING REVERSIBLE COUNTER exposed. Choice of 12 or 60 hours be 
tween tape reloadings. Dose-rate 
There's added efficiency in the NAVCOR pioneered con- “eo hale Vig -wing ore Bry 
cept of completely transistorized system sections—in fact, eats im Chicago 31, Ii. 
it reduces the ‘‘bit-by-bit’’ approach to obsolescence. Uti- ‘eh Be: 227 
lizing NAVCOR system blocks assures integrated, trouble- 
free operation at the lowest possible cost... and your 
new individually developed control system can be workin 
for.you in just a matter of weeks! ; CAPACITANCE BRIDGE 
Certainly worth looking into—write for NAVCOR manual New Type P-582 mects MIL-T-4778 
of over 40 compatible modules. (bears designation TTU 24/E); is 
a self-contained bridge system com 


an NAVIGATION COMPUTER CORPORATION 
Lh DN hee. 1621 Snyder Ave. Phila. 45, Penna. 
— HOward 5-7700 





; ’ Applications of Industrial 
Operation and Care of Circu- pH Controls 


lar-Scale Instruments Re 
tion variable which responds to and is 
charts for d-c, and for a-c instruments; a measure of the effects of a chemi- prising a 400-cps oscillator and a sen 
covers d-c instruments, a-c ammeters cal reaction... and follows @ non- sitive null indicator: is designed to 
and voltmeters, wattmeters, frequency linear control relationship presenting calibrate capacitive fuel-gage testers 
meters, power factor meters and unique problems in pH control ap- oak he il fall suited to -cenecal 
synchroscopes. Clothbound, 90 pages, plication, Clothbound, 144 pages, and is also we sulte £ 
1949. 1950, capacitance measurements at 400 cps. 
$1.50 $2.00 Capacitance range 5 uuf to 0.011 uf 
with an accuracy of 0.1°7 over most 
of range.—General Radio Co., 275 


INSTRUMENTS PUBLISHING COMPANY camps —aement Edie Ses 20 
845 Ridge Ave. Pittsburgh 12, Penna. lial 


by James Spencer. Includes “trouble” 


278 














THE FINEST COMPACT LEADWIRE ADAPTOR You Can Buy ILLUMINATED MAGNIFIER 
FOR YOUR _—* INSULATED THERMOCOUPLES New 4'% power achromatic Flash- 


O-Lens incorporates built-in illumi- 
nation, sharp-focus magnification, 








Leadwires can now be extended from your MgO insulated thermo- 
couples in a matter of minutes... the cold junction can be potted 
to resist low temperatures or high temperatures .. . will accommo- 
date diameters from .040 to .250... brightly finished to add a 
professional look to your own thermocouple... available from 
stock for immediate delivery. elimination of color and distortion. 
@\FOR COMPLETE DETAILS AND PRICES Battery model illust rated; plug-in 
rit type also available—E. W. Pike & 
577 Pennsylvania Ave., 


UHTN]D THERMO-COUPLE PRODUCTS CO. INC. [aman 


0 729 N. ADDISON AVE. VILLA PARK, ILLINOIS 279 
For more information circle 86 on inquiry card. 
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COMPARTMENT CASES 


Two new compartment cases are 
especially designed for Camex Reflex 


8; hold this camera and any lens, 


telephoto.—Aarl 
Ne “u 


including extreme 
Heitz, Ine., 480 Lexington Ave., 
York Li; No Y¥. 
6 intormat 280 
LIGHTED-BUTTON SWITCHES 
Two 


switches: 
cally-held 


new lighted pushbutton 
(1) 53PB8-T2 magneti- 
switch employs a= small 


t 
795 POP 3158 Se 


d-c holding coil which serves only to 
hold switch in operated position un- 
til current is interrupted; (2) 54PB- 
67-T2 two-position alternate-action 
switch gives two types of indication 

by button position and by use of 
the built-in indicator lamp. Rating 
of both is 5 amp 125 or 250 vac; 2, 
$ or 4 sp-dt contacts. Translucent 
plastic buttions are available in a 
wide selection of colors and shapes. 

Micro Switch Div., Minneapolis- 
Honeywell Regulator Co., Spring St., 
Freeport, Til. 
re informat 281 


ULTRA-HIGH REGULATION 
POWER SUPPLY 


New Model UHR-216 Ultra-High 
Regulation Power Supply features 
0.0020 regulation and 100 uv ripple 
over entire operating range of 160- 
600 vde and 0-100 ma; internal im- 
pedance less than 0.1 ohm for fre- 
quencies as high as 100 ke; transient 
response 1 usec; typical ten-hour 
drift 500 ppm. In addition to de out- 
put, independent 6.3-vac outputs, each 
rated at 5 amp. Instrument is com- 
pact (7%"w x 10”h x 15”d) for bench 
use; available for relay rack mount- 
ing. %% Model UHR-236R comprising 
two UHR-216’s rack-mounted on a 
single panel, has an output voltage 
range up to 1,200.—Krohn-Hite Corp,. 
580 Massachusetts Ave., Cambridge 
39, Mass. 
Eor more in 
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RADIATION PYROMETRIC 
CONTROLLER 


New Pyrotrol is not sensitive to 
flame, reacts only to radiation emitted 


by hot object. Optical system focuses 


target’s infrared radiation upon a 
photocell, whose output is amplified, 
triggering an electronic relay. Pyro- 
swiftly to moving 
.. level from very 
Standard. operating 
2000°F. Models with 
available. Re- 
1° of scale 
conditions. 
29° Elm 


trol can “react 
heated objects. 
small objects.” 
range 950 F to 
extended ranges are 
peat accuracy is within 
under normal operating 

Mason Instrionent Co., 


Ave., Mt. Vernon. N. Y. 
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RESEARCH COMPUTERS 


New Minilog, 
medium-cost ana- 
log computer for 
research prob- 
lems in 
and laboratories 
is manufactured 
as desk sets in 
three models, or 
rack mounted in 
four models. The 
basic unit of 
Minilog contains 
ten operational 
amplifiers. Am- 
plification factor 
of 30,000 gives 
accurate integra- 
tion. Drift is lim- 
ited to 6 mv/day, 
referred to the 
input. Amplifiers 
can be used to 
add, subtract, in- 
tegrate, differ- 
entiate, multiply, 
divide, average, 
limit and provide 

transfer functions. A Wheatstone 
bridge is added to give dual opera- 
tion as resistance checker and as dec- 
ade input device. Panel-mounted 
unit includes function generator and 
multiplier.—Electronic Brain Enter- 
prises, Inc., 1015 Atkin Ave., Salt 
Lake City 6, Utah. 


, 
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Outstanding 
Accuracy 


PALMER 


Dial Thermometer 


FITS ALL BI-METALLIC WELLS 


Check these functional features 


PALMER 


THERMOMETERS, INC. 


4. | 2515 Norwood 


Direct-drive Bourdon Coil with 
a filled system for longer 


lasting accuracy. 


Stem can be placed at any desired 
angle and case can be rotated 
to most readable position. 


External calibration for zero setting. 


Unaffected by stem alignment. 
Accurate to one scale division. 


No sticking at any temperature, 


Non-corrosive case. 


Mfrs. of Industrial Laboratory, 
Recording and Dial Thermometers 


hi 


-ar 


Ave., Cincinnati 12, O. 


{ 





POST DECITRON 
ELECTRONIC PRODUCTS 


Now...low cost... 
accurate “batch” counting 
for small products. 


The Post FCB-1 is a sorting and counting device which incorporates a Syntron 
vibrator with a Decitron Preset Counter. Model illustrated utilizes a P2 counter, 
capable of ‘batch’ counting small objects in any quantity from 1 to 100. 

Very small products can be neatly separated on the special conveyor belt... 
individually counted . . . dropped into a ‘hold’ tray and when the desired count 
is reached, the entire batch is fed into a waiting box, bag or other container. 
This latest Post development will feed 300 to 1000 pieces per minute and is 
portable! Size: only 53” long, 18” high, 12” wide. Cost as shown, $3500 

Post will be glad to furnish quotations for models capable of counting larger 


batches, 


The PORTABLE FCB-1 





POST ELECTRONICS 


Division of Post Machinery Co. | 165 Elliott St.; Beverly, Mass. 


For more information circle 89 on in 
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THE ONLY INDEPENDENT COMMERCIAL | 


ENVIRONMENTAL TEST LAB IN 


Acton Laboratories provide defense contractors, indus- 
try and government agencies with the most completely 
equipped environmental testing facilities in the Boston 
area. Only the most modern, most precise instruments 
and equipment are used. Acton’s Environmental Test- 
ing Laboratory is staffed by experienced personnel with 
the important “know-how.” 

Instrumentation and facilities conform to standard mili- 
tary testing specifications as well as tests for manu- 
facturer specifications. 


Write for free brochure containing complete details. 
ACTON LABORATORIES, INC. 


521 MAIN STREET, ACTION 3, MASS. 
COlonial 3-7756 e Boston Line Liberty 2-268] 


THE BOSTON AREA 


Complete Testing 
Facilities For... 


High Temperature 
low Temperature 
Humidity 
Altitude 
Mildew-Fungus 
Salt Fog & Salt Spray 
Sand & Dust 
Explosion 
Sunshine & Rain 
Vibration—High 


and Low Frequency 
Shock 
Acceleration 
Life Tests 





90 nquir 

















“"ROLYN’’ LOS ANGELES 





BALZERS Thin. Fil Optica 


From the Principality of Leichtenstein Swiss Customs Area 


Front Surface Mirrors, Cold Mirrors, Achromatic Beam Splitters, 
Dichroic Beam Splitters, Monochromatic Interference Filters, 
Wedge Interference Filters, Heat-Reflecting Interference Filters, 
Cut-Off Filters, Anti-Reflection Coatings, Heat Protective Coat- 
ings and many other thin layers. 


encrorss FRODert M. LYNN wees cen 


PHONE: DOUGLAS 7-2300 (ROLYN COMPANY) -- ESTABLISHED 1923 ARCADIA, CALIFORNIA 
OPTICAL — GLASS — PHOTO 
319 North Santa Anita Ave. « Arcadia, California 


Balzers means research in high vacuum process 
F more formation circle 91 on | 
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EVENTS COUNTER 


New Electrical Events Counter is 
available in two versions: Model 122A 
capable of rates up to 1,000 counts 


3148 
per second; Model 122B up to 2,000. 
Both count electrical pulses of at 
least 12 v (recommended range 12 to 
50 v).—The Hunter Mfy. Co., Iowa 
City, lowa. 
285 


REMOTE CONTROL SYSTEM 


New Electrolink 60 closed-loop  re- 
mote positioner, for industrial appli- 
cations requiring fast response, high 


\ * Output 
3154 (up 8 250 lb-in) 


output torque, and exceptional accu- 
racy, comprises a combined control- 
ler-amplifier and a servo drive. Out- 
put shaft, driven by high-response 
magnetic powder clutch, follows 
movement of manual control (dial, 
lever, ete.) with accuracies better 
than 0.25°. System reaches maximum 
speed in 0.02 sec.—Lear, Inc., P. O. 
Box 688, Grand Rapids, Mich. 

f r ' e 286 r 


MODULAR TEST EQUIPMENT 


New complete line of test equip- 
ment is designed so that individual 
modules can be readily assembled into 
consoles suited to tests desired by 
user. Separate modules or complete 
consoles can be provided for virtually 
any electrical or electromechanical 
test program for components and 
systems. Test modules include: 

phase sensitive voltmeters, as VTVM’'s synchro 
resistance bridges, resolver resistance bridges, stand- 
ard signal servo loops, repeater comparators trans- 
formation ratio modules, synchro index stands, angle 
position indicators, dual resistance bridges, Wheat- 
stone bridges, resistance decade panels, automatic 
ohmmeters, automatic resistance checkers, insulation 
resistance test modules, programming keyboards, tape 
punches, tape readers, relay-operated voltage dividers, 
test tables 

Typical consoles include: 

automatic synchro testers, inertial guidance sys 
tem testers, universal radar test sets, universal re 
solver and synchro test consoles, ac hi-pot and 
insulation resistance consoles, resistance Limit bridge 
consoles, wound -component-impedance test consoles, 
brush-resistance test consoles 


—Kearfott Co., Inc., 1878 Main Ave., 
Clifton, N. J. 
For r re nformation ¢ . 287 





FLOW INDICATOR 


New Akron indicater has chromium 
plated ring spinning under glass 
dome showing at a glance whether 


cooling water or oil are circulating. 

McIntosh Equipment Corp., Walker 
Crosweller Div., 15 Park Row, Nei 
York 38, N. Y. 
f 288 


MAGNETIC TOGGLE RELAY 


New Magnetic Toggle Relay 
(MTR), without mechanical latching 
or electrical holding power, is held in 
either of its two normal positions by 
“magnetic detenting’. One coil is 


y 


used for ac or de from 1 to 120 v. 
A positive pulse causes the MTR to 
toggle to one normal position, while 
a negative pulse brings it back to its 
other normal position. Its advantages 
are: any type of coil; or contact as- 
sembly; magnetic memory; no_hold- 
ing power; no drop-out point; fast 
operation (3 usec).—American-Mon- 
arch Corp., 2801 37th Ave., N.E., 
Minneapolis 18, Minn. 
Das a tntarint rcle 289 


MINIATURE MAGNETIC SWITCH 

New miniatur- 
ized magnet op- 
erated capillary 
contact is her- 
metically sealed 
by metallic-end 
caps for electri- 
cal connections. 
Two types avail- 
able: n-o Type 
6-81 and n-c Type 
6-83. Rating: 115 
v ac—0.3A, de— 
15A; 230 v ac— 
-0.7A; 24 v ac—0.9A.— 
4201 Belmont Ave., 


armature 


movable 
contact 








0.15A, de- 
Mercoid Corp., 
Chicago 41, Ill. 
For more inforr le 290 on inquiry card. 


VOLTS TO DIGITS CONVERTER 


New completely transistorized 
Model M-1 Incremental Multiverter 
converts voltages to digits in a sin- 
gle high-information channel at rates 
as high as 200,000 conversions per 
second; can literally follow a single 
function on an _ incremental basis. 
A digital number is always present 
in output register, change being en- 
tered every 5 usec. Counter used 
accepts three types of input:—l, 
+1, and 0 (or no change). Varia- 
tions of basic M-1 can produce square 
roots or quotients in conversion pro- 
Number of places carried in 
conversion can be varied to permit 
interchange of speed and accuracy. 

-Packard-Bell Computer Corp., 1905 
S. Armacost Ave., Los Angeles 25, 


Calif. 


cess. 


291 


PRESSURE-TEMPERATURE 
MEASURING SECTIONS 


New Measuring Sections of stain- 
less steel tube with especially smooth 
inside finish and close tolerance on ec- 
centricity, in sizes from 4” to 2” OD 


have working pressure ratings to 
5000 psig. Conforming to the ASME 
Power Test Codes and Aviation In- 
dustry standards they may be ob- 
tained with various ends. Sections 
with both a pressure take off and 
thermocouple probe connector also 
available—Kahn & Co., Inc. 547 
Windsor St., Hartford 1, Conn. 

f 1 tion circle 292 


TERMINATION FERRULES 


New ZT Terminators, consisting of 
two matching aluminum ferrules, al- 
low the attachment of Zippertubing 


to standard AN plugs and connectors, 
providing a waterproof closure. They 
also permit the grounding of Shielded 
Zippertubing to AN plugs and con- 
] | 752 South 
San Pedro St., Los Angeles 14, Calif. 


ation circle 293 on inquiry card. 
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Your plant needs 


ROCKWELL 
VALVES 
\ La 


“Kwikleen” slide valve 
for powdered coal, gran- 
ular materials, flue gases 
with high solids content, 
etc.; solids accumula- 
tions easily cleaned out 
by removing bottom 
plate. 


“Stress-seal” but- 
terfly valve for 
tight shut-off of 
hot, corrosive 
or dirty gases 
to 1300° F. and 
higher, at 200 
p.s.i. Alloy stress 
band in valve 
body is inflated 
by external gas 
pressure to effect 
tight seal. 


Butterfly valve with 
simplified bracket 
and linkage to air 
operator and valve 
disc positioner; pro- 
vides maximum ad- 
justment, minimizes 
friction, eliminates 
backlash, chatter and 
hunting, reduces 
power requirement 
in close control ap- 
plications. 


“Slim-Jim” wafer type 
butterfly valve for 
low pressure air, gas 
or liquids; low cost, 
light, simple, space- 
. saving, easy to install. 


What's your valve problem? 


W.S. ROCKWELL COMPANY 


2128 ELIOT STREET 
FAIRFIELD, CONN. 


For more information circle 76 on inquiry card. 
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DEW POINT 
READING 
with 


Clbr107 CEWPOINTER 


Any. shop man can quickly...accurately...read dew points 
with the Dewpointer. It is the only instrument that lets you 
see the fog in a sealed chamber under controlled conditions. 
Compare this fast, positive method with attempts made to tell 
exactly when fog forms ona mirrored surface. Completely self- 
contained, requires no external coolant or auxiliary apparatus 
...operates on enclosed battery or AC. Available in three 
ranges for dew points between —20° F. and room tempera- 
ture, from —80° to 0° F. and —80° F. to room temperature. 

Send for Dewpointer bulletin. Tear out this ad and send 
on your letterhead to: Illinois Testing Laboratories, Inc., 
Room 518, 420 N. LaSalle St., Chicago 10, Il. 


PRECISION INSTRUMENTS 


lbnor FOR EVERY INDUSTRY 


92 





Sy ACCURATELY | 

MEASURES LIQUIDS | 

from ACETONE | 
to ASPHALT 





PETROMETER Remote Read- 
ing LIQUID LEVEL INDICA- 
TORS are accurate and reliable. 
Suitable for all stored industrial 
liquids ..in any tank... at any 
distance. Easy to install... and 
easy to read. Indicators have 
many unique design features. 


write today for Bulletin 6004. 


PETROMETER 


CORPORATION 
43-22 TENTH ST. LONG ISLAND CITY 1, NY 


For more information circle 93 on inquiry card. 
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MINIATURE PRECISION BEARINGS, INC. has built a 
25.000-sq-ft addition to. its plant at a cost of S300.000 
which increases the manufacturing facilities by 5007. 


MICHROCHEMICAL SPECIALTIES Co. announces ex- 
pansion of its facilities to 20.000 sq ft with a move to a 


new location in Berkeley. 


SCHAEVITZ ENGINEERING announces completion of 
its move from Camden to a new 90.000-sq ft plant in 


Pennsauken, N. J. 


H. H. SCOTT, INC., announces completion of a new 32. 
O00-sq-ft plant in Maynard. Mass. 


PIC DESIGN CORP. has built a new 10.000-sq-ft ex 


tension to its present building. 


ASTROLAB TESTING CORP. is a new company in kK] 
Monte, Calif. with advanced-type environmental test 
facilities which will render services “to prove and im- 
prove product performance.” 


MINNEAPOLIS-HONEYWELL has purchased the 
MARION ELECTRICAL INSTRUMENT CO., thereby 
entering the field of measuring and indicating panel 


meters. 


Measure any temperature 
trom —2700°F. to +§00° F. 


with one instrument 


Thermotest is the all-purpose testing instrument for precise 
measurement of temperatures from —200°F. to +600°F., and 
emf’s up to 20,1 millivolts. It's the only portable potentiometer 
with interchangeable direct reading scales and automatic com- 
pensation. Measurements are read directly from the scale without 
charts, graphs or conversion tables. Scales interchangeable in 
seconds for use with three types of thermocouples. Mercury 
battery power supply. Leatherette covered case. Dimensions: 
121," x 9” x 81/.”. Weight: 14 Ibs. Write for free bulletin. 


TECHNIQUE 
ASSOCIATES, INC. 


POST OFFICE BOX 91 
INDIANAPOLIS 6, IND. 





HOKE has completed its new 64,000-sq-ft plant in Cress- 
kill, N. J. and is moving to the new headquarters in 
October. 


EPSCO has set up a new West Coast division at Anaheim. 
Calif. to be known as Epseo-West. 


INDUSTRIAL INSTRUMENTS INC. ha= purchased Mosher 
Electronic Controls of Larchmont. \. Y. 


BJ ELECTRONICS announces acquisition 6f NORTHAM 
ELECTRONICS, INC. Facilities will be merged and_re- 


located with the electronics division of BJ Electronics. 


RADIATION COUNTER LABORATORIES has begun 


construction of a second addition, a new 5400-sq-tt wing. 


CURTIS & MARBEL MACHINE CO. has bought the assets 
of the Instrument Div of BARBOUR STOCKWELL CO. 


GENESYS CORP. of 10131 National Blvd... Los Angeles. 
Calif... a wholly owned subsidiary of Chance Vought Air- 
craft, has entered the field of industrial process control 
with the manufacture of commercial digital control com- 
puter systems. Marketing activities will be under the di- 
rection of John F. Davis. vice president, 


APECO (American Photocopy Equipment Co.) ha- 
formed a new subsidiary the Apeco Leasing Corp.—to 
handle leasing of its photocopy machines. 


LING ELECTRONICS has acquired all of the common 
stock of the CALIDYNE CO. 


NEW miniature 


rotary switch 


TYPE MA-12 


12 POSITIONS ._. 
5 SECTIONS WY 
3 AMP. 
115 V. 
A-C 


FEATURES: 
© Small — ”" 
square 
© Versatile — up to 6 poles 
per section; up to 5 sections 
Current-carrying capacity — 3 amp. 
© Interrupting rating — 2 amp. 115 v. a-c. 
© Voltage breakdown — 1000 volts RMS 
Rotation — unlimited, or limited 2 to 12 pos. 
Electrical life — 10,000 cycles at rated load 
Designed to meet MIL-S-3786 
Write for complete information today. 


R-F ELECTRONICS, ine. 


F ELECTRO 


ACTUAL SIZE 


167 King Ave., Weymouth 88, Massachusetts 


For more information circle 95 on inquiry card. 





RESEARCH 
MODEL 
INDUSTRIAL 
LABORATORY MODEL 
MODEL 


Cambridge pH Meters 


lhe three portable models illustrated above incor- 
porate new and important advantages. A.C. line 
operation eliminates battery nuisance. Laboratory 
and Research models use electron-ray tube for 
precise null-point indication, Industrial model is 
direct-reading, continuous-indicating; ruggedly 
built for plant use 
Accuracy: Research 02 pH, Laboratery .05 pH, Industrial 


.10 pH. Cambridge pH equipment also includes single- and 
multi-point indicators and recorders. Send for Bulletin 910-M. 


CAMBRIDGE INSTRUMENT COMPANY, INC. 
3554 GRAND CENTRAL TERMINAL, NEW YORK 17, N. Y. 


Pioneer Manufacturers of 


PRECISION INSTRUMENTS 








96 








Fast Response 


conax: 


BARE WIRE THERMOCOUPLE GLANDS 


provide the only 
simple positive 
method for sealing 
two or more bare 
wires at pressures 
from full vacuum to 
haga 20,000 psi. 


— INSULATOR No. 3 


+———— INSULATOR No. 4 


—— CAP 


GLAND FOLLOWER 





Low mass, unshielded, bare 
wire thermocouples give al- 
most instantaneous response 
— BODY to temperature changes as- 

INSULATOR No. 2 suring greater. accuracy of 
measurement and control. 


— SEALANT SPACE 


Temperature range— 
—300°F to + 1850°F 


All stainless steel 
construction 


——-—— INSULATOR No. 1 
Complete range of sizes 
——————— THERMOCOUPLE ¢ Available from stock 
U.S. PATENT 2,625,573 WIRE 

WRITE FOR CONAX DATA 
BOOK SHOWING COM- 
PLETE LINE OF THERMO- 
COUPLE ASSEMBLIES AND 
PRESSURE SEALING 

GLANDS. 


COGEE ore. nn 
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Automatic Control Technology, 


Modern Theory and their Usefulness 


483 + XV pages, 1957, 898 illustrations and 48 tables 
Includes 90 advanced papers on control technology, as de- 
livered in original language (English, French, German, Rus- 
sian; all Russian papers are translated into German; about 
Y/y of book is in English). 9" x 12". Handsome cloth bind- 
ing. Printed by R. Oldenbourg Verlag, Munich, Germany. 


The book is a report of the Heidelberg Meeting, Septem- 
ber 25 to 29, 1956, arranged by the VDI/VDE-Fachgruppe 
Regelungstechnik with the cooperation of the Fachausschuss 
Regelungsmathematik der Gesellschaft fuer angewandte 
Mathematik and Mechanik (GAMM); edited by Gerd Muel- 
ler for VDI/VDE-Fachgruppe Regelungstechnik 


$25 postpaid 


INSTRUMENTS PUBLISHING CO. 


845 Ridge Ave.. Pittsburgh 12. Pa. 

















Lap 


A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 


CAMBRIDGE 40 MASSACHUSETTS 
TRowbridge 6-3368 — 3369 


A LIST OF. MATERIALS WE FABRICATE 
USED IN OPTICS AND ELECTRONICS 


SAWING GRINDING POLISHING DRILLING 


ALUM GERMANIUM 
ALUMINA INDIUM ANTIMONITE 
ALUMINUM INDOX 
ANTHRACENE MELAMINE FIBER GLASS 
ARSENIC TRISULPHIDE MICA, SYNTHETIC 
BARIUM TITANATE POTASSIUM BROMIDE 
BISMUTH *PYREX 
BRASS *QUARTZ, CRYSTAL 
CARBORUNDUM *QUARTZ, FUSED 
CERAMIC **SAPPHIRE 
COPPER **SODIUM CHLORIDE 
*CORNING 707 **STEEL 

*CORNING 7052 STRONTIUM TITANATE 
FERRITE TITANIUM DIOXIDE 
FERROX *VYCOR 

**FLUORIDE, CALCIUM *X-RAY LEAD GLASS 

**FLUORIDE, LITHIUM ALL TYPES KNOWN 

GLASS 
*Carried in stock 
**Purchased for orders 








people in the news 


H. S. “Tei C. F. Robinson L. G. Cole 


Howard S$. Bean, formerly with the National Bureau of 
Standards. has been retained as consultant on flow 


measurement both by the FOXBORO COMPANY and 
the DANIEL ORIFICE FITTING CO. 


CONSOLIDATED ELECTRODYNAMICS announces ap- 
pointment of Dr. Charles F. Robinson as chief research 
physicist and Dr. Leland G. Cole as chief research chem- 
ist. 

MINNEAPOLIS-HONEYWELL reports that Norman A. 
Fletcher has been appointed manager of manufacturing 
for the Valve Division. 


SERVO CORP. OF AMERICA announces that Henry 


DeRosa has been appointed sales manager of the Com- 


_mercial Products Division. 


FORD INSTRUMENT CO., div. of Sperry Rand Corp. 
announces appointment of W. V. Warner to the newly 
created position of general sales manager. 





First choice of the rocket 
and missile industry... 


Three superlative Marsh products 
are widely used and approved by 
the aircraft and missile industry: 


MARSH Pressure Gauges... 


because they combine the most advanced 
features ever found in pressure, vacuum and 
compound gauges. There is a Marsh Gauge 
for every conceivable application. 


MARSH Needle Throttling Vaives ..- 
because they are guaranteed to give micro- 
meter regulation at HIGH pressures— 
pressure up to 10,000 psi—and any temper- 
ature up to 500° F. 


MARSH Dial Thermometers... 
because they offer the precision and accu- 
racy a precision industry demands. Most 
complete line; wide temperature ranges, dial 
sizes, patterns, finishes. 


All Marsh products available with AND threads 


MARSH INSTRUMENT CO, Soles Affiliote of Jas. P. Marsh Corp. Dept. 42, Skokie, Ill. 
Marsh Instrument & Valve Co., (Canada) Ltd., 8407 103rd St., Edmonton, Alberta, 
Canada. Houston Branch Plant, 1121 Rothwell St., Sect. 15, Houston, Texas 





For more information circle 99 on inquiry card 


Page 1724—-Instruments & Automation—Vol. 31 





For more information circle 100 on inquiry card. 





COMPLETE 
RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING 
For 





Sea Water 
Depth ....sr-m 


SONAR APPLICATIONS 
SERVOMECHANISMS, INC., announces appointment of 


Vr. James H. Reid as chief engineer of the Company's 
Subsystems Division. 


NANKERVIS has named Aenneth R. Waltz chief engineer. 
BECKMAN HELIPOT DIV. announces appointment of 


DUAL RANGE 
TRANSDUCERS 
D.C. Duncan, general manager of the division, to the Low Range: 
new corporate position of director of contract sales. D.C. High Range 
WcNeely, assistant manager of Helipot. it taking over 
as acting manager. 


J.H. Reid K. R. Waltz 


RANGES: 





if 
| 0-50 TO 0-7500 Feet | 








0-50 TO 0-400 Feet 
0-200 TO 00-2000 Feet 











VEEDER-ROOT announces that Ff. Somers Peterson of 


the F. Somers Peterson Co. has retired after 44 years of 
service as the Company's California sales representative. 


The Peterson office in San Francisco will be replaced by 
the newly formed Milligan-Spika Co. 


Systems and Instrument Engineers 
concerned with the problems of under- 
water depth measurement should write 
for drawings and specifications. 
ARNOUX CORP. has added Dr. Donald J. Gimpel to its 





staff as director of research. and Ellison F. 
chief development engineer. 


Viller as 
GIANNINI reports promotion of D. R. Gero to the 


COLVIN LABORATORIES, Inc. 


364 GLENWOOD AVENUE, EAST ORANGE, NEW JERSEY 
7 post- 
tion of vice president and general sales manager. 


rcle 102 on ing 





Send TYPE TJV 
VIDEO SWIT 
for data oo renee 
olan dal=t-i> 


Wt 2g2°\ || TOOLMAKER 
NEW ae | | MICROSCOPE 
RELAYS B24) 


... PRODUCES 
HIGHEST PRECISION 
....CUTS 


INSPECTION TIME 
TYPE TIC ; 


~ 
. 


: ee bt... 
S-', VERSATILE COMPACT At Last 








available again 
the ORIGINAL 


MINIATURE 


TYPETQ 
SENSITIVE 


LARGE TOOLMAKER MICROSCOPE 


. actually measures (not only com- 
pares drawings or shadows) any type of 
work for shape, angles in degrees and min- 
utes, radii, distances between holes, tapers, 
spacings, width of keyways and splines, 


graduations, thread check for angle of flank 
in minu‘es, lead and pitch errors of taps, 
chasers, hobs, cutters and other irregular 
work which cannot be checked in any 
other way. 


RANGE: 6" x 2” — BUILT-IN ROTARY TABLE (11” Diameter) thru 360° 


GET THE FULL STORY OF THE VERSATILITY OF THIS 
OUTSTANDING SHOP AID — Request Circular 
ELECTRIC COMPANY 


m GEO. SCHERR CO., Inc. 


LINE OF 








‘) PRECISION INSTR 
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200 MG LAFAYETTE STREET e NEW YORK 12, N.Y. 
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UA a hiclac litle: 


AUTOMATION 


LIGHT CONTROL. 4-page Bulletin 
PA 569, entitled “Photoswitch Light 
Control” contains descriptive data on 
new automatic on-off control for any 
lighting system whose operation 
should be keyed to outdoor light con- 
ditions.—Photoswitch Div., Electron- 
ics pet of America, One Memorial 
Dr., Cambridge 42, Mass. 


TI/4 contains specifications of Hi- 
Intensity Sound Generators Models 
TI 450-5/5 and IT 150-24/24, the lat- 
ter digits indicating size in inches.— 
Transducer, Inc., 2957 Honolulu Ave., 
La Crescenta, Calif. 

F more information circle 300 on 


VIBRATION STUDY. 4-page bulletin 


ae on inquiry card describes and explains uses of Model 


103A Slip-Sync, a unit which provides 
MOTORS 


completely automatic synchronization 
of stroboscopic lights for watching 
SERVO MOTOR, 2-page leaflet details 
full specifications and data on new 60 


shake tests in slow motion.—Chad 
wick-Helmuth Co., 472 E. Duarte Rd., 
cycle Miniature Servo Motor, Model 
M-100, which reaches full speed of ; ; ' » 301 


Monrovia, Calif. 
1460 rpm 0.004 see.—Dynamie Instru- 


AUTOMATIC CONTROLS. 52-page Cat- 
alog 26 describes automatic controls 
for heating, ventilating, and air-con- 
ditioning systems, including thermo- 
stats, pressure controls, humidistats, ment Corp., 59 New York Ave., West- 
motor-operated valves, temperature a he ae 
regulators, motor operators, unit ven- Seni oy et ae 
. format © 297 
tilator controls, hot water controls, 
electronic controls, control centers, and 
accessories.—Barber-Colman Co., 1300 
Rock St., Rockford, Ill. 

e 294 


MOBILE CONSOLES. 4-page bulletin 
describes modular mobile consoles 
which provide protection against shock 
and vibration, plus ventilation for elec- 
FHP MOTORS, &-page bulletin de- tronic equipment.—Esco Engineering 
scribes and illustrates in detail the Co., P. O. Box 184, Broadview, Il. 
construction of a-c and d-c Type “N” f e informat rcle 302 , 
fhp motors, available in three basic 
PROCESS INSTRUMENTATION. 8-page sizes.—Bodine Electric Co., 2500 W. 

3ulletin 100-R5 contains operational Bradley PL., sieges 18, Ill. 
data and design feature descriptions esi ant 298 
of twelve varied products for positive 
control of materials in motion. In- 
cluded are Dall flow tubes, venturi 
tubes, venturi flow nozzles, venturi in- 
sert nozzles, Chronofio telemeters, 
transistorized Synchro-Scan systems, 
rubber-seated butterfly valves, pneu- 
matic valve positioners, Shuntflo flow 
meters, Propeloflo positive displace- 
ment meters, Conveyoflo meters for 
dry materials, and visible-flow chlorin- 
izers.—B-I-F Industries, Ine., 345 
Harris Ave., t 


MOTOR BRAKE. 2-page Specification 
Sheet $202 describes Style UH 70 Se- 
ries magnetic disc brake for use in 
Class 1, Group D, hazardous locations, 
which automatically sets in case of 
power failure.—Stearns Electric Corp., 
Milwaukee 2, Wisc. 


VALVES, ACTUATORS 
ACTUATOR PACKAGE. 2-page Data 


Sheet WF 1394 describes solenoid 
controlled actuator package Model 
106-2 for hydraulic and pneumatic ap- 
ie ce nera, ae plications featuring extremely low 
; leakage—even with Helium. Pressures 

range up to 3,000 psig.—Waldorf 

Fluid Systems Div., Waldorf Instru- 


ENVIRONMENTAL 
ment Co., Huntington Station N. Y. 
SOUND GENERATORS. 2-page Leaflet fo: sore information circle 303 on inaviry card 


Providence 9, R. I. 
+ r ‘ ‘ r 3+ 295 


EYES 
of 
AUTO- 
MATION 
WORK 


AUTOTRON 
PHOTOELECTRIC 
CONTROLS 


i The EYES 


of Automation ee 
ee 


WHAT MAKES THE DIFFERENCE? 


in producing ultra-critical and non-critical elements, customized 
New catalog describes 
normal, high speed, 
ultra sensitive and im- 


to your specifications, Plummer and Kershaw’s AUTOMATIZED 
Applications shown include automatic 


control of conveyors, inspection, carton 
pulse ectuated photo- sorting, smoke and fire detection, die 
electric controls with protection, counting, weighing, limit con- 
safety relays, warm trol, tension control, car washing con- 
up protection, etc. trol, piling to exact count, safety control, 
Also photoelectric conveyor traffic and jam-up control, tim- 
timing controls, and jing control, control of spraying equip- 
wide seletcion of light’ ment, ramp traffic control and others. 


sources with many 
AUTOTRON, INC. 


protective features. 
Send for your 3629 North Vermillion 
Box 722Q0W Danville, Ill. 


personal copy Representatives in Principal Cities 


For more information circle 105 on inquiry card. 


production brings to you the finest precisioned optics in the field 

PLUMMER AND KERSHAW has an established reputation for 
? 

outstanding reliability, superior quality and accuracy at lowest cost 

Feel free to call on us to help you solve your particular problem 


RSHAW your most experienced source 


PLUMMER AND KE 





PLUMMER and KERSHAW 
2759 Frankford Ave., Philadelphia 34, Pa. 








Request Bulletin 737 on your Letterhead 
For more information circle 104 on inquiry card. 
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INSTRUMENT VALVES, 4-page Data 
Unit 302 gives features, application 
information, pressure-temperature 
ratings, and specifications of valves 
for instrument piping and general 
use.__Jerguson Gage & Valve Co., 80 
Adams St., Burlington, Mass. 

format » 304 


VALVE SPECIALISTS. Binder contains 
several 2- and 4-page bulletins on ro- 
tary-stem and_ slip-stem regulating, 
transfer and internal-pilot control 
valves; vacuum breakers; liquid level 
controllers; and by-passes.—-Alcor 
Valve Specialties Co., Pleasantville, 
Ni Bs 
f 305 


MIDGET VALVES ind fittings are de- 
scribed in 8-page Catalog 658. Work- 
ing pressure range from _ 10,000 
through 60,000 psig, and connections 
are for 73” and %” tubing, and %” 
and 4” NPT.--High Pressure Equip- 
ment Co., 1222 Linden Ave., Erie, Pa. 

nforn 306 vd 





SERVO VALVES. 6-page Catalog 210 
contains a series of curves and sche- 
matics which highlight design and per- 
formance characteristics of Series 21 
low-flow servo valves for precise con- 
trol at high power levels. Contains 
glossary of servo valve terms.-- Moog 
Valve Co., Inc., Proner Airport, East 
Aurora, N. Y. 
Y t 307 


12 TEMPERATURE 


RESISTANCE THERMOMETERS. 36- 
page Catalog EN-S4, contains com- 
plete information on Thermohm detec- 
tors for temperatures up to 1000°F. 
Applications in the fields of ceramics, 
chemicals, food and rugs, glass, metal- 
working, petroleum and refining, 
steam and power generation are de- 
scribed.-Leeds & Northrup Co., 4934 
Stenton Ave., Phila. 44, Pa. 

For more information circle 308 on ir 
TEMPERATURE INDICATORS. 2-page 
Bulletin 4001 provides details on Dual 
Range Therm-O-Meter Model 389-3L. 
Low range is from —50°F to 100°F. 
high range from 100°F to 250°F for 
separate readings through one selec- 
tor switch.—Simpson Electric Co., 
5200 West Kinzie St., Chicago 44, Ill. 
+ re ntormat r r e 309 siry wd 


INCONEL SHEATHING on thermo- 
couples and conductors, and its ap- 
plications are explained in 4-page 
bulletin.—Tuttle & Kift, Industrial 
Dept., 1823 N. Monitor Ave., Chicago 
39, Il. 
For re nation circle 310 nquiry card 


THERMISTORS. Five 4-page folders 
“Meet the VECO Thermistor” present 
the story of the growth of thermistors 
applications. Contain illustrations, cir- 
cuit diagrams, tables and charts.— 
Victory Engineering Corp., 537 
Springfield Rd., Union, N. J. 

For m nforrr 


more in ation circle 311 on inquiry card. 


SHEATHED THERMOCOUPLES, etc. 4- 
page brochure provides specifications 
of Con-O-Pak thermocouples, exten- 
sion wires, and heating elements im- 






OFF-NORMAL CONDITIONS 

















































NEW PANELLIT RECORDING 
ANNUNCIATOR UNCOVERS PROFIT LEAKS 


@ Pinpoints temperature, flow, pressure and level process trouble 
areas by accurately, instantly recording off-normal operations. 

@ Permanent, unalterable statistical data helps prevent downtime 
repetition. 

e@ No time-wasting decoding. Directly readable digital form. 










Typical power station application: The exact time period of 
steam stop valve closure, generator circuit breakers and over- 
speed trip resets is permanently recorded, providing advance 
notice of sluggish functioning and permitting immediate pre- 
ventive action. 






Model RA helps attain highest quality products by continuously 
monitoring all process variables. Also helps reduce downtime, 
maintenance and operating costs in your plant. 







Write for Bulletin 102 today. 


PANELLIT, INC. 


7401 No. Hamlin Ave., Skokie, Ill. 














For more information circle 106 on inquiry card. 
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Fe aagene eee 
Now! Available f 


GOW-MAC 
HIGH POSITIVE COEFFICIENT 


RESISTANCE FILAMENTS 


For Repair, Experiment and Instruction in 
® GAS ANALYSIS BY T/C 
ePIRANI GAUGES ® ANEMOMETERS 


TYPE 9225 FILAMENTS (AVAILABLE IN MATCHED 
PAIRS) AMBIENT RANGE: —250° TO OVER 300°C. 





BRIDGE CURRENT MA 


AiR 
+ + + + —s 
—_ 

—-— 








FILAMENT RESISTANCE — OHMS Other Gow-Mac Products 
e Portable and Panel 
Instruments 
e Power Supplies 
( 400 ma. D.C.) 
e Thermal Conductivity 


TUBE NUTS AVAILABLE. CAT. No. 9611 (Brass)...Price Per Pair .50 Cells (Hot Wire and 
*Minimum order $50.00 Thermistor) 


Order for immediate shipment 

or send for Bulletin FIL. 

Address Department. 1A CU SUAC INSTRUMENT Co. 
— —_ ROAD, MADISON, NEW JERSEY —Tel. FRontier 7-3450 


ore informat n circle 107 on inquiry card. 


ARE THESE PROBLEMS 
BOTHERING YOU ? 


000 


GAS ANALYSIS BY THERMAL CONOUCTIVITY SINCE 1935 





Productive and idle time ? 

Flow of materials ? 

Position of gates and dampers ? 
Time of failure in life tests ? 
Length of phone calls? 
Sequence of switching ? 
Timing of events ? 


The operation recorder will obtain the answers 
to these problems, and many more, for you. An 
instrument with 20 pens writing on a moving 
chart, the operation recorder shows: 

e When events occur e How long they /ast 

« How frequently they occur 


e The relationship of a series of events to each other 
“The Meter With a Record” 
Ask for Catalog Section 50 For Over 50 Years 


The ESTERLINE-ANGUS Company, Inc. 


Pioneers in the Manufacture of Graphic Instruments 
Dept. G, P. O. Box 596, INDIANAPOLIS 6, INDIANA 


For more information circle 108 on inquiry card. 
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bedded in magnesia oxide and sheathed 
in either Inconel, aluminum, copper or 
4 types stainless steel.—Continental 
Sensing, Inc., 1950 North Ruby St., 
Melrose Park, Ill. 
ae a f 4 rcle 392 


FLOW, PUMPS, LEVEL 
MAGNETIC FLOW METERS for 1/10 


and ,-inch lines are described in 2- 
page bulletin 20-14C which also out- 
lines typical “difficult” liquids which 
can be measured.--The Foxboro Co., 
Foxboro, Mass. 
nformat le 313 


ELECTROMAGNETIC PUMP, 4-page 
Bulletin EP-2 presents description, 
principle of operation, performance 
curves, and application of a-c con- 
duction-type renee tic pumps.— 
MSA Research Corp., Callery, Fenn. 
nformat 314 on inquiry 


FLOW CONTROL VALVE providing in- 
finite-variable multi-range control for 
hydraulic fluids with operating pres- 
sures to 2000 psig, available in 2-port 
or 3-port types is described with spec- 
ifications and hydraulic-circuit dia- 
grams in 6-page Bulletin 143A.—Deni- 
son Engineering Div., American Brake 
Shoe Co., 1160 Dublin Rd., Columbus 
16, Ohio. 
F 315 


FLOW REGULATORS. 16-page Catalog 
1000 describes pressure-compensated 
flow regulators for hydraulic power 
systems most of them rated at 3000 
psig with guaranteed controlled flow 
rates from 0.1 to 100 gpm.—Water- 
man Engineering Co., 725 Custer Ave., 
Evanston, III. 
f t 316 


ROTAMETERS. 4-page Bulletin 18B 
describes bypass rotameters for 2” and 
larger pipelines. Contains instructions 
for determining permanent pressure 
loss across main orifice, and required 
straight run of pipe before and after 
main orifice.--Schutte and Koerting 
Co., Dept. M-I, Cornwells Heights, 
Bucks County, Penna. 
format e€ 397 on inquiry card 


LEVEL RECORDER/CONTROLLER. 
Details of probe-type capacitance-null 
balance recorder-controller-indicator 
Pneutronic Series 42R-F are given in 
2-page Bulletin RF-588. Control is 
electrical or pneumatic. Operates with 
conductive or non-conductive materi- 
als.—Aeronautical & Instrument Div., 
Robertshaw-Fulton Controls Co., 401 
N. Manchester, Anaheim, Calif. 

f re information circle 318 on inquiry yard. 


MOISTURE 


PROCESS MOISTURE MONITOR. 4- 
page Bulletin 1845A describes the 
Type 26-310, an explosion-proof in- 
strument for continuous measurement 
of moisture in process streams.— 
Consolidated Electrodynamics Corp., 
300 North Sierra Madre Villa, Pasa- 
dena, Calif. 

For more information circle 319 on inquiry card. 

















CONDENSIFILTERS. 4-page Bulletin 


4158 describes and illustrates Models 


M-100-T and M-30-T Condensifilters 


for filtering and dehydrating com- 
pressed air and gases.—Hankison 
Corp., College & Pike, Canonsburg, 
Penna. 

F wiare inlormnanal e 320 





VAPOR ADSORPTION, 10-page Bulle- 
tin SC-1047 describes Vape-Sorbers 
for hydrocarbon removal to provide 
clean, dry air and gas for hospitals, 
pharmaceutical or chemical manufac- 
turers, instruments, etc.—Selas Corp. 
of America, Dresher, Penna. 
r more informat 321 
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ANALYTICAL, 
LABORATORY 


NEPHELOMETERS are detailed in &- 
page Bulletin B-246. Used to measure 
and control the clarity of beverages 
and other liquids, pharmaceuticals, 
industrial fluids, contaminants in wa- 
ter and bacterial growth rates, they 


can detect and measure’ Calcium, 
Magnesium, Sulfates, Chlorides or 
similar ions in trace amounts with- 


weighing. 
318 Madi- 


out filtering, drying or 

Coleman Instruments Co., 
son St., Maywood, III. 
f ‘ f ‘ 322 


X-RAY POLYCHROMATOR, 4-page 
“Spectrographers’ News Letter,’ Vol. 
XI, No. 3., contains deseription of the 
PXQ, a direct-reading X-ray polychro- 
mator which is basically a production- 
control quantometer.—Applied Re- 
search Laboratories, Inc., P. O. Box 
1710, Glendale 5, Calif. 

f ' . ter s* ry ’ 323 


GAS-VAPOR CHROMATOGRAPHY. 8- 
page Bulletin No. 838 discusses col- 
umn temperature, retention time, de- 
tector temperature, resolution, and 
temperature programming.—Burrell 





324 


CHROMATOGRAPHY, 4-page bulletin 
on “A New Dimension in Paper 
Chromatography” shows how tests 
which formerly required hours are 
now made in 5 min.—Precision Scien- 
tific Co., 3737 West Cortland St., Chi- 
cago 4, Il. : 


For 


e 325 on inquiry card 


ACID-RESISTANT WARE, 20-page 
Catalog G358 covers polyethylene and 
nylon products for laboratories and in- 
dustry.—General Scientific Equipment 
Co., 7516 Limekiln Pike, Phila. 50, Pa. 
For more inforrr e 326 ard 


t . n+ 


NUCLEONICS 
SURVEY METER, 2-page Technical 


Bulletin N-29 provides details on Sen- 
tinel, a lightweight, portable, battery- 
operated meter for general purpose 
survey work in radioisotope labora- 
tories etc. which offers choice of beta- 
gamma and/or alpha-beta-gamma 
probes.—Nucleonic Corp. of America, 
196 Degraw St., Brooklyn 31, N. Y. 
n circle 327 on inquiry card. 
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New Designs 
in Motors from. 


Many Standard 
Mountings 
Available 


















True Air Circula- 
tion System for 
Moximum Heat 
Dissipation. 


Heovy Formex 
Windings. 


for recording 
medical 


munications 


Type R-29 is a 


indicated below. 


Heavy Stotor End Rings. 





Applications. 



























TYPE R-29 MOTOR 
2%" Diameter 


This motor is an ideal power source 
instruments, 
instruments, 
ment, blowers, tape recorders, com- 
equipment, etc. It is 
available in both 2-pole and 4-pole 
design, each in three stacking lengths. 


capacitor type available as an fp- 
duction or synchronous motor. 
of various models ranges from 1/75 
to 1/30. Construction features are 


Class “A” Insulation for 
High Dielectric Strength 
ond High Tempercture 



























timers, 
office equip- 







permanent split 








H.P. 
































Rugged, Precision- 
Machined Die-Cast 
End Cops for Flange, 
Base, Sub-Base, Resil- 
ientor Stud Mounting. 








Ample Width Flot. 






























Pre-Loaded 
Beorings. 

















Fan Blades Integrcily 
Die-Cast with Rotor. 


For more information, write, 
or use Readers’ Service Card. 


HOLTZER-C .BOT 


i 7 
Special Bearing Locking 
Plate Reduces End Play 
to thot of the Bearing 
only, (Avoilable on 
Special Order). 





Aluminum Die 
Cost Rotor 
Dynamically 


Balanced. End Wire. 





Cities throughout the 


ft Husky, 
Shielded Ball Bearings. 


Ample Clearance for Coil 


Sales — Service Representatives in Principal 




















Sealed and 




























World 





For more information circle 109 on inquiry card. 


MOTOR DIVISION 


NATION’ L PNEUMATIC CO., INC. 
125 Amoiy Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
electric and electronic equipment and systems 
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IONIZATION GAGE, Leaflet 
Control] Circuit Type BD-20C 
De Electronic Labs., Inc., 
Mass. 





describes 


Bon- 


328 


OPTICAL 
ULTRASPEED CAMERA, 2-pace bulle- 


tin provides information on the 1,000,- 
000-frames/ see Model UC-1. 

namic Measurements Corp., 40 So. 
Robles Ave., P. O. Box 4067, Pasa- 
dena, Calif. 


Los 


329 


POLARIMETRIC ADAPTER. 


Bulletin 330 describes adapter 


2-page 


Danvers, 


Dy- 


for 





MACHINE-DIVIDED SCALES 


Vade with latest 
SIP Swiss Automatic Dividing Machines 
{ty ty 
380 


ft, 
LINEAR 


5 microns(0.0002” ) 


scale pattern—Any 
Any material 


Accuracy to 


Any line width 


CIRCULAR 


Accuracy to +5 seconds 


FINE MACHINE ENGRAVING 
Scales, Dials, Drums, Rods, Panels 
ACCURATELY ETCHED RETICLES 


Vade fo any specified pattern 
and dimensions 





PROMPT DELIVERY 


on large or small quantities. 





L. C. RENICK CO. 


30B So. Salsipuedes St., Santa Barbara, Calif. 
formerly Cicero, Illinois 











When you 
need them 
— as you 
need them. 
Experi- 
mental 

oF pro- 
duction 
quantities. 


WE CARRY 
IN STOCK 
All SIZES 
ALL SHAPES 
All ALNICO 
GRADES 


PERMAG 


PRECISION 
GRINDING 


MAGNETIZING 


Lumetron Photoelectric Polarimeter 
Model 402-EP affording polarimetric 
measurements.—-Photovolt Corp., 95 
Madison Ave., New York 16, N. Y. 
f ar ; 330 


DATA HANDLING 
COMPUTATION CENTER, 4-page bro- 


chure provides information on oper- 
ation, equipment, kind of problems 
solved, and charges made by Los 
Angeles Computation Center.—Beck- 
man, Berkeley Div., 305 Parkman Ave., 
Los Angeles 26, Calif. 

f 331 


CONTROL COMPUTER. 4-page bro- 
chure contains description of tran- 
sistorized RW-300 Digital Control 
Computer, and discussions of process 
control, data logging, pilot plant, and 
test facility applications for computer 
control systems.—The Thompson- 
Ramo-Wooldridge Products Co., P. O 
Box 45067, Airport Station, Los 
on 45, nent 

F f 332 © 


GRAPHICAL REPRESENTATION, 28- 
page binder describes graphical repre- 
sentation with the Univae 120 with 
five examples of graphs.—Remington 
Rand Univae, Div. of Sperry Rand 
Corp., 315 Fourth Ave., New York 10, 
Nets 
F e 333 


FREQUENCY-RESPONSE SLIDE RULE. 
16-page manual describes and explains 
uses of special imported slide rule 
for frequency-response computations. 
Frederick Post Co., 3650 Avondale, 

Chicago 18, > Hl. 
n circle 334 on | 


ELECTRONIC COMPUTERS. 6-page 
brochure details how the ECM elec- 
tronic computing machine performs 
many of the functions of the compli- 
cated computers while offering sim- 
plicity of operation..—Clary Corp., 408 
Junipero St., San Gabriel, Calif. 

; ' 2 335 4 


ANALOG-PUNCHED TAPE SYSTEM. 
{-page data sheet describes Model ZA- 
750 Analog-Punched Tape Data Sys- 
tem.—Electronic Engineering Co. of 
Calif., 1601 E. Chestnut Ave., Santa 
Ana, Calif. 
F f 336 

bulletin 


Da- 
and 


DATA CONVERSION. 6-page 
presents modularized Transicon 
trac units for analog-to-digital, 


© a 


ie 


24 HOUR DELIVERY 


SINEE RING 


Send for Catalog 


PERMAG CORP. 
210 TAAFFE PLACE, BROOKLYN 5, NV. Y. 
Phone: MAin 2-0114 
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° how to get 
faithful 
3-dimensional 
reproduction 


in steel, other metals and plastics 


Use the LOW COST precision-built 
Preis Panto 3D-5 Engraving Machine. 
Does both 2 and 3 dimensional en- 
graving effortlessly 
e Reversible spindle for enlarging or 
reducing from a model, die or sample 
e Precision ball bearings throughout 
e Reduction ratio range—1.6:1 to 7:1 
e Four spindle speeds—7,000 to 18,000 
RPM 


e Micrometer adjustment collar 
e Provided complete with floor stand 
and work tables 


ite for complete details and prices. 
TRADE MARK fe meal immediate attention write directly 
below. Ask for nearest 


ealiag S== 


H. P. PREIS Engraving Machine Co. 
661 U. S. Highway 22 Hillside, N. J. 
aformation circle 992 on inauir — 








John Unert! Optical Co. 


Flow 
Visualization 
Instrumentation 


Schlieren Systems 
Shadowgraphs 
Interferometers 

Wind Tunnel Optics 

Mountings & Piers 

Packaged Systems 


Catalog upon request 


3551-3555 East Street 
Pittsburgh 14, Penna. 














digital-to-analog conversion, also 
alarm limit monitoring._-Epsco Inc., 
Equipment Div., 588 Commonwealth 
Ave., Boston 15, Mass. 
e informatior 337 


RECORDING 


X-Y RECORDER. 4-page folder con- 
tains physical and operational specifi- 
cations, also circuit diagrams of port- 
able model 1100D Variplotter for pen- 
and-ink graphs.—Electronic Associ- 
ates, Inc., Long Branch, N. J. 

t 338 


OSCILLOGRAPHS and amplifiers are 
detailed in &-page Bulletin 210 giving 
engineering specifications, electrical 
characteristes, and construction of di- 
rect-writing instruments and associ- 
ated amplifiers.—Photron Instrument 
Co., 6516 Detroit Ave., Cleveland 2, 
Ohio 
339 


ANNUNCIATORS 
ANNUNCIATOR, 4-page Bulletin 1038 


describes completely-integrated, space- 
saving, Panalarm Series 61 annunci- 
ator, featuring lower installation cost, 
Hashing sequence alarm, and no-drain- 
cireuit for monitoring from 24 to 96 
points in the utility and continuous 
process industries.—-Panellit, Ine., 
7401 No. Hamlin Ave., Skokie, III. 

F : t 340 y 


INDICATING LIGHTS. 4-page Catalog 
4-58 describes in detail complete line 
of Color-Lite sub-miniature incandes- 
cent indicating lights and accessories. 

The Sloan Co., 4101 Burbank Blvd., 
Burbank, Calif. 
f ¢ 341 


TESTING, 
GAGING 


UNIVERSAL TESTER. -page Bulletin 
9E describes multi-low-range univer- 
sal tester, a small, compact motorized 
laboratory instrument that quickly 
makes accurate tests in tensile, com- 
pression, tranverse and shear on any 
low-strength industrial material, op- 
erating on the principle of a eali- 
brated pendulum.—W. C. Dillon & 
Co., Ine., 14620 Keswick St., Van 
Nuys, Calif. 

e ’ na 342 


TESTING EQUIPMENT for soils, con- 
crete and asphalt are described in a 
New Products Bulletin.—Soiltest, 
Ine., 4711 W. North Ave., Chicago 39, 
Il. 


HIGH-POTENTIAL TESTING, 4-page 
bulletin 5-1.2 details full specifica- 
tions and application data of some 15 
d-c Hypot models covering output 
ranges of 5, 10, 20 and 30 KV de for 
design, production and maintenance 
testing of cables, motors, capacitors 
and insulation samples.—Associated 
Research, Inc., 3777 West Belmont 
Ave., Chicago 18, III. 

For ra information circle 344@ 








o : 1 AAT 
The Bendix G/5 computer 


helps plan operations for 


our ultra-modern refinery.’ 


SdYS JOHN W. RUSSELI 
Process Engineering Analyst 
OHLO OLL COMPANY 


Robinson, Illinois Refinery 


“In the highly competitive oil industry, efficiently planned 
refinery operation is a must. To handle the complex mathematics 
involved in this planning, we needed the speed of electronic 
computing. After careful study, we have installed a Bendix 
G-15 and although it is one of the lowest priced machines, we 
are using it very successfully on large scale problems 

We like the compact size and have found reliability to be 
exceptional. G-15 users share valuable programs through their 
own organization, too, and this adds materially to the 


computer's value 


THE G-15 PROVIDES — Low-cost versatility for thousands of office 
and laboratory applications — Simplified operating methods — 


Memory and speed of computers costing four times as much — 


Py pewriter input-output, paper tape output and 250 char sec paper 
tape input at no added cost — Expandability through accessories 

for 1,200,000 words of magnetic tape storage and punched card 
input-output — Extensive program library — Users share programs 


Proven reliability — Nationwide service — Lease or purchase 


DIVISION OF 


wae ; Computer eo el 


CORPORATION 


Built and backed by Bendix, the G-15 is serving scores of progressive 
businesses large and smal! throughout the world. For details, write to 
Bendix Computer, Department J-7, Los Angeles 45, California 


For more information circle 114 on inquiry card. 
October 1958—Instruments & Automation—Page 1731 





NEW LITERATURE 





OPTICAL GAGING, 114-page General 
Catalog 10 comprises information on 
optical gaging, chart-gages and fix- 
turing.—Optical Gaging Products, 


The most advanced 7 Ine. . 26 F orbes St., Roe hester i B N. ¥. 


re information circle 345 c 


e » ! ae 
testing techniques ee a Sy wie jt SPHEROMETER. 4-paze brochure il. 
b a b J , , aff | oe lustrates and describes two ball-point 
' em ” ; q , spherometers, Models L-1 and P-1,, 
are eing Ul t into ‘ , ae for laboratory and shop measurements 
+ . bas ie | respectively, of spherical surface 
American Research a : radii.—Penn Optical and Instrument 


. J i Co., 19642 Bristol St., P. O. Box 68, 
equipment right now! . ; | Costa Mesa, Calif. 
ich _ cite lta ' role 346 


American Research's unique experience in 


the design and development of test equip- _ me 4 , ELECTRICAL, 
ment for the most difficult parameters and pee é ‘ “a | 
thee elonagne nn | * : LU, ELECTRONIC 


stringent specifications makes it possible for 


them to provide you with any type of en- 4 33 a vse ee 
vironmental test chamber to meet your most 4 f INSTRUMENTS 
advanced requirements. Frequently they ; TRANSISTOR SERVO AMPLIFIERS. 2- 
have already solved similar problems for ie ial page Bulletin No. 501-2 reviews com- 
others. And every American Research cham- alll plete performance specifications, also 
ber incorporates the latest features of test- application data of Model 501-2 par- 
ing efficiency and dependability. ‘ ticularly suited for controlling small 

Any size test chambers are available from servo motors in high-performance in- 
American Research. Room shown above per- puiica ory ; wise sé strument control systems.—Libra- 
mits a large truck to deliver the test item to a eer maa , . scope ine., 808 Western Ave., Glen- 
the interior without double handling. Com- 200,000’ or higher Sand and Dust Chomber dale 1, Calif. 
onents or completed items can be tested temperature = + 500°F — includes automatic dust t e 347 on inquiry card 
ite a ons a range of simulated en- — — + cre Aid — li —— Fe 

an ower; umidity streamlined air-flow TRANSFORMERS. 4-page brochure 


vironments. 20% to 95%. design. z 
lists many new types of transistor 


power supply, driver, output, low level] 


/ y Wye ) } f] / MEMBER OF THE chopper input, and de/de converter 

/ yl t / ] ] 7 ees transformers. Typical schematic and 

AES es circuit diagram are also shown in 

FARMINGTON 2. CONNECTICUT conjunction with converter transform- 

Eomntion circle ny are ers.-Microtran Co., Inc., 145 E. 

—— Mineola Ave., Valley Stream, N. Y. 
For ‘ forma le 348 on inquiry card 


National Miniature PACKAGED AMPLIFIER, Tentative 


(to meet National Bureau of Standards adopted 1957) data on the new UPA-2 Utility Pack- 
aged Amplifier are contained in 16- 


page booklet. General-purpose utility 

on — package is designed for use computer- 

type operations in industry and in 

.055 to .0188 diameter from 80 threads per inch industry and in laboratory instrumen- 


. “0 1 ° tation.._-George A. Philbrick Re- 
to 318 threads per inch of carpenter ''stentor'’ quality— pe ks oe ggg ORs Coton a, 


25°/, greater torque strength than high speed steel. oston 16, Mass. 


0.0.C. BRAND 

SPAING SELENIUM RECTIFIER, 4-page booklet 

Abi $ 7/N 6 —~—~ DE GRASS SLEEVE gives complete listing of continuous 

— 44 O d-c amp ratings for 26, 33, 36, 40, 45 

and 52 volt RMS vacuum-process Sele- 

hErER, Stor nium Rectifier Cells. Also gives spec- 

ifications for 20 cell sizes from one 

in sq to 12” x 16”.—Syntron Co., 669 
Lexington Ave., Homer City, Penna. 
f ’ e 380 on inquiry card 


_ PEF ERENCE 
= SWITCHES 
BARA ' 
“ | RELAYS 


| SEALED RELAYS. 24-page 1958/59 
Pay. PENS, Catalog GEA-6628 offers information 
on hermetically sealed relays. Con- 
, tains circuit diagrams, coil data, and 
3 APPE OK specifications for micro-miniature, sub- 
miniature, miniature, and high-speed 

g O4ER ALL : relays.—General Electrical Co., Sche- 


Write or phone for Catalog nectady 5, N. z. 
nore information circle 351 on inquiry card 


R. P GALLIEN & SON MERCURY SWITCHES. 4-page_bro- 
chure describes the twelve most popu- 
220 WEST FIFTH ST LOS ANGELES 13, CALIF lar styles of mercury switches avail- 


bs able from American Designed Compo- 
Industrial Precision Tools & Supply—Watches—Diamonds nents, Ine., Jericho, L. I, N. Y. 


For more information circle 352 on inquiry card. 
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ELECTROMAGNETIC RELAYS, 182- 
page booklet contains 33 papers by 
42 authors presented at the Sixth Na- j 
tional Conference on Electro-Magnetic j 
Relays at Oklahoma State University. j 
Subjects like shock testing micro- j 
miniature relays, vacuum relays, reli- Ti e Ww Cc Oo x j 
ability problems and contact resist- j 
ance are discussed.—Potter & Brum- t j 
field, Inc., Princeton, Ind. f r e Gg u e al Cc y Ht O Ti V e r e Yr 
f ‘ a tiation e 353 or ; 
SNAP-ACTING SWITCHES, 32-page 
Catalog 62c features significant in- 
novations in basic switches for in- 
dustrial and commercial applications. 

Micro Switch, a Div. of Minneapolis- 
Honeywell Regulator Co., Freeport, Tl. 

f t e 354 


RELAYS, 6&8-page catalog lists many 
thousand relays by types or applica- 
tions, and by manufacturers. Gives 
specifications and prices._-Relay Sales 
Ine., Box 186, West Chicago, Hl. 

f » 355 


PROXIMITY SWITCH, 2-page bulletin 
presents information on non-contact 
unit for detetting steel objects, and 
control of magnetic shield pilers. 
Bucciconi Engineering Co., Ine., 899 
Grant St., Gary, Ind. 

For more informatior © 356 


soina ae 
| POWER 
Lj SUPPLIES 


POWER SUPPLIES, 6-page folder-type 
catalog covers transistorized inverters The new Cox Frequency-to-Analog Converter joins the 
and converters, Transpac miniaturized = ti ea oe ents designed 
power packs; power supplies for ever growing list of precision instruments designe 
transistor applications, transistorized and built for electronic data handling by the Cox 
units for high current, and d-c tran- ee 
sistorized frequency changers, and re- 
lated models.—Electronic Research measuring equipment. 
Associates, Inc., 67 Factory Place, | 
Cedar Crove, N. J. The Type 2 Converter was originally developed for 
; - 357 use with the Cox Turbine Flow Measuring System, but 
POWER SUPPLIES, etc. 16-page Cata- is now being widely used in many other applications 
log 1958 contains illustrations and d 
descriptions of power supplies (tube- 
less, electronic, high voltage for de), puters and other transducer-recorder systems. Its high 
also a-c regulators, insulation testers, : log ; 
and meters.—-Sorensen & Co., Richards sensitivity, excellent stability and fast transient response. 
Ave., South Norwalk, Conn. combined with low cost, make it an outstanding convertet 
For more information circle 358 on inquiry card 


POWER SUPPLIES. 2-page Bulletin, : > Fre 
VP-858 illustrates and describes two A new technical bulletin describing the Type 2 Fre- 
new variable frequency power supplies quency Converter is available upon request. Write to 
VP-410 and VP-1000 and briefly lists ‘ ; . 
a number of typical applications for Cox Instruments Division, George L. Nankervis Com- 
the units.-Empire Devices Products pany, 15200 Fullerton Avenue, Detroit 27, Michigan. 
Corp., Amsterdam, N. Y. 
ror e informat r rele 359 n if ry ard 


A-C VOLTAGE SUPPLY. 8-page Circu- 
lar CVL-274 describes AC Solavolt, 
which is a hormonic-free constant 
voltage transformer (static-magnetic Range 100 to 5000 cps (other ranges available) 
regulator) with the addition of an | Linearity | .1 per cent over 10:1 range 
adjustable autotransformer.—Sola Stability | .1 per cent j 
Electric Co., 4633 W. 16th St., Chicago Transient Response | 1 millisecond 
50, Ill. Price $300 f.0.b. Detroit 
For more information circle 360 on inquiry card 


: i 
POWER SUPPLIES, 4-page Catalog 858 
contains information on d-c power \/ 
packages, selenium rectifiers, rectifier - t t 
transformers, components.—Technical | m 
Apparatus Builders, 109 Liberty St., | in Ss ru en s 
New York 6, N. Y. 


For more information circle 361 on inquiry card. 





Instruments Division — pioneers in precision flow 


for extremely linear conversions in telemetering, com- 


for all around use. 








i 





PSPECIFICATIONS 








| 

















Precision Instruments Since 1912 GLN-258 
For more information circle 117 on inquiry card. 
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measure fuel, oxidizer, 
and combustion pressures 
during static firing tests. 


High freqency response — units measure static and 


dynamic pressures over a frequency 


range of 


0-10,000 cps and higher. Pressure ranges: 0-5 


psig to 0-100,00 psig. 


Easy to install...simple to use. Only three dial 


adjustments required. 


Capacitance gauge principle eliminates contacts 


and linkages. Low diaphragm mass... 


phragm resonant frequencies. 


Rugged—units insensitive to vibration and 
shock. Water-cooled models withstand combus- 


tion temperatures to 6000°F. 


high dia- 


DYNAGAGE readout instru- 
ment — rugged, compact, self 
contained...for any Photocon 
transducer. High voltage out 
put, high signal-to-noise ratio 
Standard and miniature sizes. 


Send for catalog on complete line. 


PHOTOCON RESEARCH PRODUCTS 
421 North Altadena Drive, Pasadena, California 


7ressure, Microphone, sata Sock & Displacement Transducers » Dynagage Readout Instruments 


DON'T DROP 
THAT 
SCREW! 


Hold it with 
an H.J.J. 
Screw-holding 
Driver 





The H. J.J. 
COMPANY 


268 Marlow Drive « Oaklan 


re information circle 199 on inquiry card 
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FREED 
MAGNETIC 


AMPLIFIERS 
FOR IMMEDIATE DELIVERY 


FAST RESPONSE 
MAGNETIC AMPLIFIERS 


2% response Phase reversible 


AC or OC signal 
= req'd for 
t cts sn 


z= 0 | _ 
iceciantonil 
1.2 0.4 








ae 
1.6 0.6 

















1.0 


Supply | Power Sig. Total res. 
Cat. ot Out. hg contr. wdg. 
No. |C.P.S. | Watts outs. MA-DC; KY 








mars | 60 | 5 1.2 
-—___+-—___+_}__ : 
lmap-2 | 60 | 15 / 2.4 
t : es ae Satie SS CRRA SETA RS oon) Hoes 
mar-3 | 60 50 05 
[Map-3.4| 60 | 50 | 
. alee 
=a 60 | 175 











he 400 | 15 

















MAP.-7 
mS 
MaP-8 [400 | 50 1.75 





All units designed for 115V-AC operation 


Send for NEW 48 pose transformer catalog. 
Also ask for complete laboratory test instru- 
ment catalog. 


FREED TRANSFORMER C0., INC. 


1707 Weirfield St., Brooklyn (Ridgewood) 27, N.Y. 
F f e 120 


ELECTRICAL, ELECTRONIC 
COMPONENTS 
PRECISION POTENTIOMETERS, in- 


cremental stepping motors and syn- 
chros, and pressure switches are de- 
tailed in new 4-page brochure.—G. M. 
Giannini & Co., Inc., 918 East Green 
St., Pasadena, Calif. 
nformation circle 362 


CABLE SHIELDING, 2-pae Data Sheet 
140 illustrates and describes new bi- 
directional Netic Co-Netic foil strips 
for magnetically and electrostatically 
shielding telephone and other com- 
munication cables.-Magnetic Shield 
Div. Perfection Mica Co., 1322 N. 
nton Ave., Chicago 22, Ill. 
t 363 


ULTRASONIC DELAY LINES, 4-page 
bulletin contains descriptions and 
specifications of variable, and_ solid 
ultrasonic delay lines, as well as com- 
pany’s manufacturing facilities. 
Andersen Laboratories, Inc., 501 New 
Park Ave., West Hartford, Conn. 

F f t © 364 « ry 


CHOPPERS. In a series of new pamph- 
lets on choppers, entitled “The Contact 
Modulator”, “Why Use Choppers?” is 
the first one to be available.--The Air- 
pax Products Co., Seminole Div., Ft. 
Lauderdale, vissa 

365 


DYNAMIC DIGITAL MODULES. %-page 
Supplement A to Catalog T provides 
descriptive information and technical 
specifications on new. transistorized 
T-Pae one-megacycle circuit units. 
Computer Control Co., Inc., 92 Broad 
Scars 57, Mass. 
tior e 366 


DECADE INDUCTORS. 4-page brochure 
contains description, applications, 
specifications, and technical data on 
high-Q, low-frequency precision units. 

Computer Engineering Associates, 
Inc., 350 North Halstead, Pasadena, 
Calif. 
F 367 


TRANSISTOR FILTERS, Catalog sheet 
covers descriptive material on transis 
tor transient filters which connected 
at the d-c input of transistorized in- 
verters-converters, frequency changers 
and switching circuitry eliminate line 
conducted transients to the circuits and 
spurious noise transmission to the line. 
ig RA Electric Corp., 67 East Centre 
» Dives, N 
F t 368 


TANTALUM CAPACITORS. 2-page 
Form F-1126 contains pg and 
tabulated specifications, ratings and 
ordering references of Blu-Cap tanta- 
lum capacitors._-Fansteel Metallurgi- 
cal Corp., Rectifier-Capacitor  Div., 
North Chicago, Ill. 
Cor re information circle 369 
ELECTRONIC HARDWARE. 72-page 
Reference Manual No. 85 presents 
information on standard electronic 
hardware such as_ binding posts, 
mounting brackets, grommets, phone 
tip and sub-miniature jacks, pilot 
light and toggle switch shields, termi- 
nals and terminal strips, and many 
others. Contains also tables with en- 
gineering data.—Amatom Electronic 
Hardware Co., Inc., 88 Drake Ave., 
New Rochelle, N.Y. 
c “ ee ‘ 370 





CRYSTAL FILTERS. 4-page Technical 
Bulletin 10.7 on the new family of 
crystal filters shows vacuum tube and 
transistor circuitry, pulse and impulse 
response photographs, attenuation vs 
frequency curves, and block diagrams. 
—Hycon Eastern, Inc., 75 Cambridge 
Parkway, petal Mass. 

Fe e information circle 371 


PLUG-IN CIRCUITRY, 4-page Brochure 
11878 provides descriptive information 
on transistorized plug-in binary 
counters.—The W alkirt at 141 West 
Hazel St., Inglewood 3, Calif. 

f e informat » 372 


INDUSTRIAL TUBES, 30-page “flip- 
style’ Chart T-24 shows electrical 
and physical characteristics of electron 
tubes, and gives technical information 
pertinent to each type within the class. 

Tung-Sol Electric Inc., 95 Eighth 
Ave., Newark 4, N. J. 


CONNECTORS 
CONNECTORS. 2-page bulletin gives 


specification, outline dimensions and 
general information on new Series 
C-18 hexagonal connectors available 
in four, five and seven contacts, 

DeJur-Amsco Corp., Electronic Sales 
Div., 45-01 Northern Blvd., Long 
Island City 1, N. Y 
f e ri + 374 


MULTIPLE CONNECTORS. 4-page bul- 
letin on Series DTX Rack and Panel 
connectors illustrates nineteen contact 
arrangements.—-H. H. Buggie, Ine., 
Box 817, Toledo 1, Ohio. 
for nr re nfor s+ e 375 


MECHANICAL 
COMPONENTS 


GEARED MECHANISMS. 6-page Bulle 
tin No. 102-58 describes predesigned 
mechanisms and components for the 
servo and instrument fiel Pre 
cision Mechanisms Corp., 5 New- 
bridge Ave., East Meadow, L. I., N. Y 
For more informat » 376 ; 


1s. 
143 


PRECISION COMPONENTS, produced 
by European craftsmen, including 
screw machine parts, hair springs, 
spindles and shafts, stampings, name 
plates and dials, pinions, and jewels, 
are contained in catalog.— American 
Laubscher Corp., 250 W. 57th St., 
New York 19, N. Y. 
r r te nier ¢ 377 


BERYLLIUM COPPER SPRINGS, etc. 
20-page Catalog No. 10 covers com- 
pression springs, flat springs, strip 
springs, contact rings, contact strips 
and screw machine products, fabri- 
cated of beryllium copper.—Instru- 
ment Specialties Co., Inc., 231 Bergen 
Blvd., Little Falls, N. J. 

For more informatior e 378 


STAMPINGS. 4-page 3ulletin 101 de- 
tails services in fabrication and pro- 
duction of stampings from rare and 
specialized metals with quick-refer- 
ence chart on their properties and 
uses.—Staver Co., Inc., N. Saxon 
a Bay Shore, N.Y. 

are informatio r e 379 


DEKORON 
PROWVECTO*PAC 


Advantages of Dekoron all-plastic instrument 
tubing harness are now four-dimensional. You get, 
in addition to its inherent lower-cost installation 

. chemical ... impact. . . fire resistance. 


And the advantages of Dekoron Protecto-Pac 
multiply the closer you examine them. For example, 
you can get Protecto-Pac in many forms to suit 
your requirements exactly — from stock. 

If there is danger from weld splatter, sparks or 

a potential fire hazard — order Dekoron 
Protecto-Pac Type FB. If you wish to bury it 
underground — specify low-cost Protecto-Pac 
Type B. Both types supplied with virtually any 
number of individual tubes, and also with 

new metal armor protection. 

You can pay more but you can’t buy better, 
longer-lasting instrument line harness than Dekoron 
— America’s Premier Instrument Tubing Line. 


TYPE FB ay 
FOR FIRE AND IMPACT RESISTANCE 


N ' 
“e METL-COR 


PROTECTO-PAC 
he 1900°F 





33 = i ji 

2000 2500 3000 
DEGREES 

FIRE RESISTANCE 

of copper tube bundles is 

superior up to 1900°F; less pronounced 

from 1900° to 2500°F. Above 2500° 

Protecto-Pac Type FB is superior 

to copper tube bundle. 








TYPE B 
FOR UNDERGROUND BURIAL 








NO "CORKSCREW" effect, cs NEW IMPROVED INSULATION DEKORON PROTECTO-PAC 

with twisted tubes, because is composed of two wraps of Type FB or Type B can be sup- 

tubes lie straight in bundie to asbestos tape bonded to back- _ plied with 24 gauge galvanized 

give faster, neater individual ing of Mylar® for maximum _ steel armor of modified square- 

tube take-offs. protection. lock construction with cord pack- 
ing for maximum strength and 
flexibility. 


* products 
pho QUALITY + RESEARCH + SERVICE 


SAMUEL MOORE & COMPANY * DEKORON PRODUCTS DIVISION + MANTUA. OHIO 
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NEW LITERATURE 
" , 
KA — x th PRECISION GEARS, etc. 10-page folder 
rs e contains descriptive literature of com- 
iy pany’s 3 divisions manufacturing fine- 
ers pitch gears; high-precision gears and 
/ gear systems; and speed measuring 


equipment, respectively.—Geartronics 


KAHN HEATLESS DESICCANT AIR DRYERS pia stein tacnar apt 


Reactivated without heat } FINE-PITCH GEARS. 4-page bulletin 
presents information on products, in- 
aN cluding gear assemblies..- Pickup Pre- 
Check these advantages: B , = : cision Gear pk 1926 Placentia Ave., 
. oo, 7 ee deans s ase P 
* Costs reduced on installation and = me nis valif. ms 


maintenance. 4 

* Steam and electric heaters elimi- 2 NYLON BEARINGS. 8-page brochure, 
nated . . . reducing utility costs. Form 209, dese ribes advantages of 

* Constant outlet gas temperatures. Nylon bearings and - lists available 
é ; . types of Snap-In Nyliners which can 

* Explosion proofing eliminated ' be used without lubrication.—Thomson 
EDS ERAN, Inc., meeneaeet, Ecthag ie 


eeervreeeereere ee ee eeeeeees = ; a Hor » 382 


It’s tee i MATERIALS 
KAHN DRYERS METAL CHARTS. Two new charts, one 


alltheway... ‘ eae showing melting points of metals, (in 
F and C scales) from tungsten to 
Kahn has a complete line of electric or steam regeneration mercury; the other showing densi- 
a A 1 : ties of metals, ranging from osmium 
dryers- automatic, semi-automatic or manual operative, to lithium, can be requested on com- 
Operating pressures up to 5,000 psi. pany letterheads.—Metals and Fab- 
‘ a , rication Div., Fansteel Metallurgical 
Write for complete information. Corp., North cC Chicago, Ill. 





PRINTED CIRCUIT MATERIAL. Cop- 
543 WINDSOR ST. per-clad plastic laminates for elec- 
HARTFORD 1, CONN. tronic printed circuits are subject of 
Data Sheet 8-1.—Taylor Fibre Co., 
sha aiignieesiesc Penna. 
r rmation roe 384 

















HARDNESS TESTING Operation and Care of METALLIZING PAINTS. 4- age Bulle: 

° ? in S-62 describes n metallic pain 
Circular-Scale Instruments for printed circuits, applicable on 

by James Spencer. Includes "trouble" ceramics, titanates, glass, mica and 
SCLEROSCOPE dhatte tor lie and eiobiece india: other inorganic materials in a range 
FOR TESTING ments; covers d-c instruments, a-c of firing temperatures.- -Western 
ammeters and voltmeters, wattmeters, Gold and Platinum Co., Belmont, 


THE HARDNESS frequency meters, power factor Calif, 
OF METALS. meters and synchroscopes. Cloth- F e information circle 385 
bound, 90 pages, 1949. $1.50 
PIONEER AMER- EPOXY GLASS LAMINATES, 21-page 


ICAN HARDNESS sarge data —— contains test 
STANDARD. Control Valves iheea camer ‘il ak aued ae 
OVER 40,000 by C. S. Beard. New "one-book" ref- nates for printed circuitry.—The 
erence on control valves .. . covers Mica Corp., 4031 Elenda St., Culver 
IN USE. flow characteristics; mechanical fea- City, Calif. 

tures; valve capacity; sizing; body f sre information circle 386 on inquiry card 
types; positioners; actuators, includ- 


DUROMETER ing d-c, electrohydraulic and aas CEMENTABLE TEFLON TAPES, 4-page 


hydraulic actuators. Numerous tables Bulletin CT-58 gives essential tech- 
FOR TESTING and illustrations. Paperbound, 234 nical data for glass-supported, un- 


THE HARDNESS pages, 1957. $2.00 supported and metal-clad cementable 
Teflon sheets and tapes.—Continental- 


OF RUBBER & Diamond Fibre Co., (subsidiary of 
RUBBER-LIKE The Computer Handbook — Co. ), Newark, Del. 

re information circle 387 on inquiry card 
MATERIALS edited by M. H. Aronson. A clear 


(ASTM D676) introduction to the entire field of 

(ASTM D1484) electronic computers and data proc- FABRICATION 
essors. Presentations by computer FACILITIES 

manufacturers at the Second Com- 


puter Clinic. Paperbound, 72 pages, INDUSTRIAL DIE-CAST PARTS, etc. 
SHORE INSTRUMENT 1956. $2.00 10-page bulletin covers variety of 


eat zinc-alloy die-cast and molded ther- 
& MFG. COo., INC. moplastic 3 hd made to cus- 

tobi tomer’s specifications, and/or avail- 
90-35 VAN WYCK EXP. Instruments Publishing (o., Inc. able from stock.—Gries ~~ 
Corp., 400 Beech d Ave., N - 
JAMAICA 35, N. Y. 845 Ridge Ave., Pittsburgh 12, Pa. ae: UL 


For more information circle on inquiry card 
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TRANSISTOR PRODUCTION. 6-page 
booklet, ‘an Analog Computer Study 
of the Stability of a Molten Zone Re- 
fining Process used in the Production 
of Transistors,” describes technique 
of simulating on the analog computer 
conditions experienced by germanium 
rod under various conditions of tem- 
perature, rod dia., and length of mol- 
ten zine.—-Electronic Associates, Inc., 
Long Branch, N. J. 
re oi ; aoe 389 


INSTRUMENT PANELS, -page bulle- 
tin describes fabrication of modular 
panel sections, racks and cabinets, 
cubicles, consoles and stanhie panels. 

Falstrom Co., 154 Falstrom Court, 
Passaic, N. J. 

+ more informat e 390 


FACILITIES, 30-page brochure en- 
titled “The Fenwal Spectrum” de- 
seribes facilities for design and manu- 
facture of temperature controls, de- 
tectors and indicators.-Fenwal Inc., 
Ashland, Mass. 

re informat 391 


OPTICS. 16-page brochure describes 
facilities for research, development, 
design and manufacture of  high- 
quality optics for instrument manu- 
facturers in geophysical, industrial, 
aeronautical and military fields. 
Spectron/Transducer Div., Consoli- 
dated Electrodynamics, 1725 Prim- 
rose Ave., » Monroyen, Calif. 

ae rele 392 or 


MISCELLANEOUS 
FOLDING MACHINE. 10-page Publica- 


tion 144 is an operations and service 
manual for machine which folds long 
strips or rolls of paper such as charts 
from oscillographs or recorders. 
Benson-Lehner Corp., 11930 W. Olym- 
pic Bivd., Los Angeles 64, Calif. 

For more information circle 393 « 


PACKAGED LABORATORIES. 4-page 
Bulletin 6 describes environmental 
test equipment for mass- ca of 
production components.—Wyle Asso- 
ciates, 128 Maryland St., El Segundo, 
Calif. 

For more te 394 on | 


BENCH BLOCK. 36-page catalog lists 
complete line of watchmakers’ and in- 
strument makers’ tools including No. 
1086-A bench block.—Kendrick & 
Davis Co., 10 Water St., Lebanon, 
N. H. 

For more le 395 


PERIPHERAL MARKING MACHINES 
for hot stamping of calibrations and 
other markings are described in new 
6-page catalog 9A.—The ee 
Co., 9-13 Morrell St., bey Beabeth 4,N. 

For more informat r ie > 396 « Juiry yr 


PLASTIC BINDING. 18-page booklet 
“A New APECO Product for Your Of- 


fice,” describes plastic binding for of- 


Photographer Bernard Hoffman found even the free flow of CO, from a 
cake of dry ice is difficult to control. 


Controlling Flow 
in Fluid Engineering 


To tame and control flow accurately, you must relate it to 
pressure, volume, turbulence and other variables. That’s 
when you can look to the engineering leadership of 
S. Morgan Smith. 

Butterfly valves are a good example. For the majority of 
processing situations, a wide range of standard R-S Butter- 
fly Valves are assembled from stock for fast shipment. 
But for special fluid control problems, one or more can be 
applied to solve your needs. Standard or special, all R-S 
3utterfly Valves give you uniform flow control through all 
positions in the normal regulating range. You get minimum 
turbulence and pressure drop, save on pumping power be- 
cause of simplified design and streamlined vanes. Compact 
and light in weight, they give you quick regulation and 
tight closure. 

To learn more about the complete SMS line of Rotovalves, 
Ball and Butterfly Valves, call on our nearest representa- 
tive. For information on special engineering, write 
S. Morgan Smith Co., York, 


fice paperwork, and pictures the Y 3 se 2 

Bindak punching and binding units | FAW iy 8: deieichtah bstsnalit 
available—American Photocopy | 

Equipment Company (APECO), Plas- 
tics Div., 2100 W. Dempster St., 
Evanston, III. 

For more information circle 397 on i 


| 
AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 
| Rotovailves - Ball Valves ¢ R-S Butterfly Vaives «¢ Free-Discharge 
| Valves * Liquid Heaters *« Pumps ¢ Hydraulic Turbines & Accessories 
For more information circle 124 on inquiry card. 
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Situation Wanted 


First Class Instrument mechanic, 
10 years experience on all types of 
tefinery Instruments, desires a 
position where conscientious, ac- 
curate and hard work has a future. 
Interested in service mechanic 
position. Reply Box #362 








PYROMETERS 
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Immediate Shipment of Rebuilt 
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—LIST ON REQUEST— 
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OPPORTUNITIES 
AT 
ESSO RESEARCH AND ENGINEERING CO. 


Openings in the following areas: 


Instrument Engineers 
or ChE. (B.S... M.S... PhD.) Application of instru- 
mentation and automation techniques to all phases of petroleum 
Opportunity for travel as consultants on 
new techniques and equipment applications. Experience in instru- 


Electronics Engineers 
or Physies (B. S.. M.S... PhD.) Opportunity to create new 
instrumentation for basic and applied research on fuels and lubri- 
cants and their engine performance characteristics. 


Electronics 


Give full details of education, experience, desired salary and 
All inquiries will be considered promptly and held 


Address replies to: 


ESSO RESEARCH AND ENGINEERING CO. 


(Chief Technical Affiliate-Standard Oil Company (New Jersey)) 
Esso Research Center 
Employee Relations - G 


P. O. Box 175 
LINDEN, NEW JERSEY 
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STARTING IN NOVEMBER ... 


Instruments & Automation will begin publication of outstanding papers 






presented at the technical sessions of the 






Fourth International Automation Exposition and Congress. 






Here are some of the titles scheduled for early appearance: 





e Status of Automatic Control in West Germany 

@ Soviet Trends in Computers for Control... 

e Effective Selection of Measurements for Process Control 
Engineering Aspects of Data Acquisition 

Evaluating Proposed Investments in Automation 

Making Automation Work 

. and many, many others. 
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enter my subscription to Instruments and Automation for 
Keep ahead... .. (] 1 year at $4.; [) 3 years at $9.; [] 5 years at $10. 
These rates apply to U. S. & Canada only 


of the latest developments in 
AUTOMATION 
INSTRUMENTATION 


Read, regularly, the one magazine 
that brings you a// the new prod- Company Name .............. 
ucts, a// the new literature, a// the 


latest instrumentation data... .. Co. Address (STREET) 
all in one magazine that brings 


you 3000 educational pages a eT ORT oN Wiles cecie POR acai 


year—Instruments & Automation. 
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JUST OFF-STAGE 


awaiting their cue, dozens of other noteworthy features are set for early appearance 
in Instruments & Automation. Among them. . .Special Surveys on 
Delay Lines . . . Mathematical Tools . . . Process Circuits . . . plus first-line articles on. . . 


¥x Computation of Orifice Meter yw Mass Spectrometry in Science and 
Gas Coefficients Industry 


vx Characteristics of Proportional- ve Industrial-Instrument-Manu- 
Speed Floating Action facturers' Schools 


xxv Instrumentation of Second and 
Third US-IGY Satellites 


tx Dynamic Response of Remote 
Pressure Pickups 


vy Wanted: Inventions vy ... and many others 


x Life in Extreme Environments 


vy Fault Detection for Analog Com- 
puters 
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—for 30 years the world’s leading 
magazine of measurement and control. 











POSTAGE WILL BE PAID BY— 


INSTRUMENTS and AUTOMATION 
(Instruments Publishing Co., Inc.) 


845 Ridge Avenue 
Pittsburgh 12, Pa. 


In one year | & A not only brings you 
more than 3000 pages of instrumentation 
and control data, BUT also the annual | & A 
Handbook & Buyers’ Guide, which lists all 
instrument, automatic control, and allied de- 
vices manufactured by ALL companies (over 
3000) in the field. (It's the only buyina 
directory listing only such products. It's 
available only to | & A subscribers, as 
part 2 of the October issue... IT WIL! 
NOT BE SOLD SEPARATELY.) 





The regular subscription price is 
$4.00. BUT: 


On two or more new subscriptions or 
renewals sent together on one order 
the rates will be reduced as follows: 


FIRST CLASS 
PERMIT Wo. 1441 
PITTSBURGH, PA. 





2 separate one-year 
subscriptions 


3 separate one-year 
subscriptions . 


4 separate one-year 
subscriptions ... 9.00 


5 separate one-year 
subscriptions . 10.00 


Multiple-year rates are listed on the other side 


Offer good only in U. S$. and Canada. 


For rates to other countries see page 1599. 
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” STANDARDIZ 


STANDARDIZED MOUNTING HOLES 
FOR EASY INTERCHANGE WITH 
HELICAL ELEMENT (BELOW). 


ths. 


D MOUNTING HOLES 
FOR EASY INTERCHANGE WITH 
CAPSULAR ELEMENT (ABOVE). 





aVeaT als 


CAPSULAR. 
PRESSURE ELEMENT 


RIGID DIE-CAST 
MOUNTING 


HELICAL 
PRESSURE ELEMENT 


RECENT BRISTOL RECORDING GAUGE DEVELOPMENTS. Flexible polyethylene tubing (left) and standardized ele- 


ment mountings simplify element interchange, 


prov idk Mmcreasca 


mounting rigidity and vibration isolation. 


Why are more Bristol Recording Gauges 
used than all others combined? 


A key reason for this pre ference: Bristol 
Pres mre \fi GASUTING kh micnts Dh vire the 
result of more than 69 vears ot prac tical ex- 
perience And field re ports show that our 
ree ording TUNICS quip pe du ith thre se farm d 

uring elements have been in constant 
for up te An outstanding 

cord for I ng life ana stability! 
Another reason: Our continuous develop- 


ment program, aimed at kee ping Bristol Re 
H 


cording Gauges far in advance of todav’s 


' 
10) wears 


nee ds. The latest results of this program are 


now availible in Bristol Recording Gauges : 


Easy-change elements. Element mount.ngs 
have been redesigned to insure inter hang 

abil.ty of elements. You can buy a pressure 
gange with anv standard helical element 
and change liter to any standard capsulat 


tv pr clement. or viee versa. 


Extra mounting rigidity. Higid cast -alumi- 
num element mounting gives you greater 


BRISTOL 


AUTOMATIC CONTROLLING, RECORDING 


accuracy, stability and reliability. 


Flexible polyethylene tubing used to connect 
elements. Simplifies interchange 
of elements. simplitic s maintenance. Isolates 


Measuring 


element from shock and vibration. 


Improved element materials. ( apsular meas- 
uring elements are now available in 316 
stainless steel and Ni-Span C, as well as 
phosphor bronze. As a result, this tvpe of 
measuring clement, ideal for low pressures, 
can now be used tor a large number of cor- 


rosive fluids. Helical elements are now 
availble in 316 stainless steel and Ni-Span 
C, too, as well as trumpet metal and be rv 
lium copper. 

Find out more about these latest Bristol 
gauges for recording, automatic control, 
preumatic transmission and telemetering 
Send tor our 52-page catalog G62E. today 
The Bristol Compan 113 Bristol Road, 


Waterbury 20. Conn. 


TRAIL-BLAZERS 


BIG REASON FOR USER PREFERENCE 
is Bristol measuring elements, un- 
excelled for accuracy, precision, 
long-term stability. They‘re made 
in ranges from 0-6mm mercury ab- 
solute to 0-10,000 psi. 
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...With the most basic tools at an engineer’s disposal: experience, a drawing 
board, and a complete catalog of instruments and controls designed for the 
automated process, That’s why you'll find more and more design engineers 
coming to depend on the new General Controls Automation Controls Catalog. 
Here is a ‘‘working” catalog for the shirt-sleeves engineer, because it puts 
a complete diversified line of controls for automation in a single usable format. 
When you get yours, scan through it quickly. You'll find everything you need 
for that next job— program timers, actuators, automatic valves, sensing 
devices, potentiometers, and counters. There is also an experienced staff of 
field engineers ready to lend a hand when you need it. Send for your copy 


of this new catalog now. 


GENERAL CONTROLS CO. — Dept. 1000-1 
8080 McCormick Blvd. ¢ Skokie, Illinois, or 
801 Allen Avenue ¢ Glendale 1, California 


Please send new AUTOMATION CATALOG 


ee, 
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